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ABSTRACT
C onstruction projects in  developing countries m ay suffer from  tim e overruns, w hich  are 
associated  w ith  cost overruns. T his research  p ro jec t investigated bo th  tim e and cost 
overruns on  high-rise build ing  projects in  D haka, B angladesh. Surprisingly , p relim inary  
data  analysis show ed negligible cost overruns in  com parison to  tim e overruns. So, 
further analysis o f  cost overruns w as no t considered  in th is thesis. This research  project 
also investigated  how  the causes o f  tim e-overruns can be m itigated.
72 tim e-overrun and 22 cost-overrun variab les w ere identified  th rough  a  literature 
review . These variables w ere taken as param eters and a  personal in terv iew  survey w as 
conducted w ith  developers, consultants, contractors and p ro jec t m anagers using  sem i- 
structured questionnaire. A  sim ilar second survey w as conducted using  22 m easures, 
w hich  can m itigate tim e-overruns. D ata  analysis involved the relative im portance index 
to  rank  the variables, factors analysis to  reduce variables to  factors w ith  m in im um  loss 
o f  data, stepw ise regression to find  links am ong factors in  successive stages o f  
construction process and m ultiple regression  to  explain  delays in  term s o f  factors.
The m ain  causes o f  tim e-overruns w ere ‘cash  flow ’, ‘p lanning and  scheduling 
defic iency’ and ‘design changes’. A  scree graph  identified 31 im portan t variab les that 
caused delays but factor analysis reduced  these to  14 factors. Stepw ise regression  found 
no strong links am ong the factors to  identify  them  as reasons for delay  in  successive 
stages o f  the  construction project. A  m ultip le  regression m odel explained abou t 85%  o f  
the variance o f  the delays using eight factors.
The m ain  individual m easures m itigating  tim e-overruns w ere ‘im provem ent o f  cash 
flow ’, ‘im provem ent o f  com m unication and  coordination am ong pro jec t partic ipan ts’ 
and ‘developm ent o f  robust planning and scheduling instrum ents’. F ac to r analysis 
produced ten  representative factors. Stepw ise regression could  no t find  strong links 
am ong factors m itigating tim e-overruns in  successive stages o f  the  construction  project.
Keywords: Bangladesh, H igh-rise, T im e, C ost, O verruns, R ank, Factor, M itigating, 
R egression, M odel, Stepwise, V ariable
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Chapter 1
INTRODUCTION
1.1 Background of the Research Project
H istorically , B angladesh has an agricultural econom y. The to tal population, in A pril 
2005, w as 144.31 m illion  (The W orld Factbook 2005) w ith an  annual grow th rate o f  
2.09% . This extra population requires housing. W hen people in  the rural areas build 
new  houses it reduces the availability  o f  cultivatable land and agriculture based w ork 
opportunities. This is resulting in people m oving to  big cities for the ir livelihood. D haka 
has becom e one o f  the m ost densely populated  cities in the w orld  w ith  an area o f  360 
sq. kilom etres (D haka City C orporation 2002), and a population o f  8.4 m illion. Betw een 
1970 and 1990, the average annual exponential population grow th rate o f  D haka City 
C orporation was about 10% (Seraj and A lam  1991) m ainly due to  the inflow  from  rural 
areas. This trem endous rate o f  population inflow  is causing enorm ous housing and 
environm ental problem s in the  city over the last three decades. It is unfortunate that 
instead o f  significant m itigation o f  the problem , it is steadily  w orsening w ith the 
increase o f  population. G overnm ent spending on housing is very  lim ited and is m ainly 
for governm ent em ployees. Since the 1980s private com panies have stepped in  to 
in itiate real estate business through the construction o f  m ulti-storey apartm ent projects 
and selling them  com m ercially.
It is no t easy to expand D haka city  horizontally  due to surrounding topography. The 
price o f  land is very high. D evelopers are very keen to build  m ulti-storey apartm ent 
projects at prim e areas o f  the capital city for better profit. F or social and econom ical 
reasons apartm ents have becom e very  popular w ith  the affluent in  the capital city. 
M ulti-storey apartm ent projects are the m ain  sector o f  construction in  Dhaka. Though 
real estate business is playing an im portant role in the coun try ’s econom y, it suffers 
from  tim e overruns.
B efore starting the research project the researcher w as w orking  w ith  a  real estate 
developm ent com pany in  B angladesh. D uring h is first-hand gap w ork  experience this 
w as quite apparent to him .
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1.2 Problems, Hypotheses and Justification of the Research
The reputation o f  construction industry depends on tim ely com pletion o f  projects w ithin 
the budget and m aintaining proper quality  (C han and K um arasw am y 1994). A ccording 
to N E D O  (1988), the on tim e com pletion o f  the project is the m ost im portant indicator 
o f  an efficient construction project. T im e overrun is considered to be the m ain  cause o f  
cost overruns and it affects bo th  clients and contractors (Shen 1997). The client incurs 
losses due to delayed financial return  from  the use o f  facility and the contractor suffers 
from  increased overhead cost, w hile a  delayed project b locks o ther investm ent 
opportunities. A ccording to Salam  et al. (1999), m ulti-storey apartm ent projects in 
B angladesh appeared to be suffering from  tim e overruns like construction projects in 
o ther developing countries such as Thailand (O gunlana, P rom kuntong and Jearkjirm
1996). It has been revealed by researchers such as, O kapala and A niekw u (1988) in 
N igeria , Y oung (1988) in  M alaysia and K am ing et al. (1997) in Indonesia that a  lack o f  
proper m anagem ent causes m ost tim e and cost overruns. Therefore, it w as suggested 
that efficient tim e and cost m anagem ent should increase the efficiency o f  the 
construction industry, w hich in turn  w ould  increase the N ational GDP.
So far, no in-depth research has been carried out regarding construction tim e and cost 
overruns in  B angladesh. In 1998, The U niversity  o f  A bertay D undee initiated this PhD  
research project to investigate the incidence and underlying causes o f  tim e and cost 
overruns on m ulti-storey construction projects in  D haka, B angladesh. There appeared to 
be m any potential causes o f  tim e and cost overruns o f  high-rise projects in  Bangladesh. 
Tw o personal interview  surveys w ere conducted in  D haka, w ith developers, consultants, 
contractors and pro ject m anagers using sem i-structured questionnaire. The first survey 
involved the variables causing tim e and cost overruns. A  follow -up survey, involving 
the variables, w as conducted to find out how  these problem s can be m itigated. The 
researcher used som e techniques o f  m ultivariate statistics (factor analysis, stepw ise and 
m ultip le regression) for data analysis better understand the causes o f  tim e overruns and 
how  it can be m itigated to facilitate decision-m aking process. F indings o f  th is research 
should  be very useful for decision m akers in  the construction sectors in  Bangladesh. 
Though the research focused on m ulti-storey projects in  B angladesh, som e o f  the 
findings should be relevant to  sim ilar projects in  other developing countries, i f  they face
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sim ilar problem s (M orris and H ough 1987). A lso, it should be useful for the conduct o f
future research on associated topics.
1.3 Objectives and Findings of the Research
The m ain  objectives o f  the research p ro ject are as follows:
•  Securing first-hand data on incidence o f  tim e and cost overruns
•  Identification o f  the variables causing tim e and cost overruns.
•  R eduction o f  the num ber o f  variables into factors, w ith  m inim um  loss o f  
inform ation.
•  Exploration o f  strength o f  links betw een factors at various stages o f  construction.
•  D evelopm ent and evaluation o f  a  m ultiple regression m odel to explain tim e and cost 
overruns in term s o f  factors.
•  Identification o f  the w ays in  w hich  the factors o f  tim e and cost overruns can be 
m itigated.
The findings o f  the research project are as follows:
•  Seventy-tw o and tw enty-tw o potential variables, w hich m ight affect tim e and cost 
overruns respectively, were identified  through the literature review  for the first 
survey (C hapter 3 &  4).
•  A pplication o f  relative im portance index (RII) enabled to rank  variables in term s o f  
im portance (C hapter 6).
•  P relim inary data analysis show ed negligible cost overruns; therefore, further 
analysis w as not carried out on cost overrun variables (C hapter 6).
•  The application o f  a  scree graph enabled the segregation o f  thirty-one im portant and 
forty-one unim portant delay variables. The application o f  factor analysis converted 
the thirty-one im portant variables into fourteen representative factors w ith  m inim um  
loss o f  inform ation (C hapter 7).
•  The application o f  stepw ise regression dem onstrated an absence o f  strong links 
betw een the factors affecting delays in  successive stages o f  a  construction project 
(C hapter 8).
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•  A  m ultiple regression m odel (E quation 8.4) w as developed to predict delays at the 
start o f  new  projects. This m odel m ay require further testing w ith new  sets o f  data 
(C hapter 8).
•  B ased on the prelim inary data  analysis o f  the first survey, tw enty-tw o potential 
m easures to m itigate tim e-overruns w ere considered for the second survey (C hapter
9).
•  The m itigating m easures o f  tim e-overrun w ere ranked in term s o f  im portance, using 
RII (C hapter 9).
•  The application o f  factor analysis converted the tw enty-tw o tim e-overruns 
m itigating m easures into ten  representative factors (C hapter 9).
•  The application o f  stepw ise regression dem onstrated an absence o f  strong links 
betw een the tim e-overrun m itigating factors in successive stages o f  a  construction 
project (C hapter 9).
•  Personal interview  survey fo r da ta  collection w as found to be an efficient m ethod 
(C hapter 5).
1.4 Sequence of the Research
The sequential m ethodology adopted for the overall research project has been outlined
as follows:
Background and literature review
•  A  detailed background rev iew  o f  the developm ent o f  h igh-rise projects in 
B angladesh
•  A  com prehensive literature rev iew  o f  the problem s o f  high-rise construction in 
B angladesh, in  term s o f  risk  m anagem ent strategy and risk  m odelling
First survey regarding causes of time and cost-overruns
•  D esign o f  a  questionnaire, to collect data for the process identified in  the  literature 
review .
•  D ata collection, using sem i-structured interview s in Bangladesh.
•  A nalysis o f  data, to quantify and  rank the variables.
•  A pplication o f  factor analysis and stepw ise regression, to reduce the num ber o f  
variables into factors and finding inter-stage factor links.
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D evelopm ent and evaluation o f  a  m odel, to predict tim e-overruns in term s o f  factors.
Second survey regarding mitigation of time-overruns
•  D esign o f  a  questionnaire.
•  D ata  collection, using sem i-structured interview s in Bangladesh.
•  A nalysis o f  data, to quantify and rank  the variables.
•  A pplication o f  factor analysis and stepw ise regression, to reduce the num ber o f  
variables into factors and finding inter-stage factor links.
1.5 Structure of the Thesis
This section focuses on the over all p lan  o f  the research project. The research project 
deals w ith  tw o m ajor issues: investigation o f  causes o f  tim e and cost overruns; and 
m itigation o f  the causes. Based on these tw o issues the thesis has been structured as 
show n in the Table 1.1:
Table 1.1: Structure of the Thesis
Issues Name of the Chapter No of Chapter
B ackground and 
literature review
D evelopm ent o f  high-rise projects C hapter 2
Literature review C hapter 3
First survey
Q uestionnaire developm ent C hapter 4
D ata collection C hapter 5
D ata A nalysis: prelim inary analysis C hapter 6
D ata A nalysis: Factor analysis and stepwise 
regression
C hapter 7
D ata A nalysis: R egression m odel C hapter 8
Second survey M itigating m easures C hapter 9
C onclusions C onclusions C hapter 10
1.6 Definitions
D efinitions adopted by the researchers are often not uniform . The key term s used in this 
research have been defined as follow s:
•  M ulti-storey/H igh-rise projects: B uilding o f  six storeys and higher.
•  T im e overrun: A dditional tim e taken  for com pletion over the pro jected  tim e scale.
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C ost overruns: A dditional costs over the budget.
1.7 Limitations
The research  project is lim ited to  the  follow ing aspects:
•  C hosen industry and location: H igh-rise residential projects, D haka, Bangladesh.
•  R espondents’ category: D evelopers, consultants, contractors and pro ject m anagers.
•  M ode o f  data collection: Sem i-structured interview  survey.
•  S tatistical techniques used for data  analysis: R anking o f  variables, factor analysis 
and m ultip le regression.
1.8 Summary
This chapter laid the foundations for the project. It in troduced the research  problem , 
research questions and hypothesis. Then the justification  o f  the  research and the 
definitions w ere presented and the m ethodology w as briefly described and justified ; the 
report w as outlined and the lim itations w ere given. The subsequent chapters, as 
described in  the ‘structure o f  the th esis’, develop these facets in  a  progressive m anner.
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Chapter 2
DEVELOMENT OF HIGH-RISE PROJECTS
2.1 Profile of Bangladesh
B angladesh is prim arily an agrarian country, w here agriculture contributes to about 37%  
o f  G ross D om estic Product (G D P), w hile industry contributes only  about 10%. O ther 
im portant sectors are trade, transport and service contributing 9% , 12% and 11% 
respectively  (Bangladesh B ureau o f  Statistics 1999). The grow th rate o f  G D P had been 
fluctuating from  4.0%  in 1986-87 to 5.7%  in 1997-98. The GDP in the year o f  2004 was
6.3 (W orld B ank G roup 2005). The contribution o f  construction industry to  the GDP, is 
gradually  increasing and ranges betw een 6.0%  in 1993-94 to 8.0%  in  2005-06p 
(B angladesh B ank 2006). The sam e report show ed that the percentage share o f  real 
estate and business activities to the to tal GDP w ere fluctuating betw een 7.5%  in 1993- 
94 to 9.0%  in 2005-06p.
A ccording to U N D P (2001) report, the area o f  the country is 1,47,570 square 
kilom etres, population 131.37 m illion  and the annual population grow th rate 1.59%. 
The sam e U N D P (2001) report quoted the estim ated urban population about 20%  o f  the 
total population o f  the country and it was grow ing at a  rate o f  tw ice as fast as that in the 
rural areas. It also reported that there w ere about 5 m illion units o f  housing shortages in 
the  year 2000, o f  w hich tw o thirds w ere in urban areas. This situation is getting worse 
due to lack o f  proper planning, general negligence, poverty and lack  o f  aw areness.
2.2 Urbanisation in Bangladesh
Like other developing countries, B angladesh is also experiencing rapid  urbanisation. 
A ccording to the census o f  1981, there w ere about 13.5 m illion  people liv ing in urban 
areas, w hich  w as 15% o f  the total population. In  the 1991 census it becam e 23 m illion, 
w hich w as 20.15%  o f  the total population. A ccording to a W orld B ank report published 
in  1985 (found in  A bdullah 1996, Table 2.1), the country’s urban  population  grow th 
rate per year w ill continue and rem ain up to 4%  till 2010 after w hich  it could  reduce to
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3.6%  by 2015. Based on th is projected  grow th rate the urban population  could  exceed 
50 m illion, w hich w ill be about 33%  o f  the total population by 2010, and it could be 
about 70 m illion  by 2015.
Table 2.1: Urbanisation in Bangladesh 1950 -2015
Y ear
Total
Population
R ural
Population
U rban
Population
U rban 
Grow th
%  o f  U rban 
Population
1951 41.90 40.20 1.70 2.70 4.10
1961 54.50 52.40 2.10 2.10 3.80
1974 76.40 69.60 6.80 9.50 8.90
1981 90.00 76.50 13.50 10.30 15.10
1985 100.60 83.10 17.50 6.50 17.40
1990 113.70 90.80 22.90 5.40 20.10
1995 120.60 97.40 29.40 5.00 23.20
2000 141.10 103.80 37.30 4.80 26.40
2005 155.00 109.40 40.40 4.40 29.80
2010 170.50 113.70 50.80 4.00 33.30
2015 184.60 116.70 67.90 3.60 36.80
Source: World Bank Memorandum 1985 (Found in Abdullah 1996)
A  sim ilar projection w as m ade by Islam  and Islam  (1992) stating tha t urban population 
o f  B angladesh w ould be 37 m illion  in  2000, 57 m illion by 2010 and 68 m illion  by 2015 
w hich w ould be 26% , 33%  and 37%  o f  the total populations respectively. In the m iddle 
o f  2005 about 25%  o f  the coun try ’s total population was liv ing in  urban areas (W orld 
B ank G roup 2005). The m ain  reason for this urban influx is a  search for em ploym ent. 
O ther reasons are the reduction  o f  cultivable land in  rural areas, lack o f  decentralisation 
o f  m odem  facilities and unbalanced urbanisation (Seraj and A lam  1991). P roper 
p lanning and im plem entation is very m uch needed by the concerned agencies and 
authorities to provide better services for the grow ing num ber o f  city  dw ellers and this is 
tm e  for D haka, as well as all developing countries.
2.2.1 Dhaka: The Capital City
D uring the M ogul period, D haka w as the centre o f  developm ent for the entire Indian 
subcontinent. B ut gross neglect during B ritish  and Pakistan regim es, resulted  in  the city 
falling  behind in term s o f  developm ent. Since independence in  1971, the population o f  
D haka has been increasing sharply. It is developing as fast as any m odem  city and is 
th robbing w ith activities in all spheres o f  life. D haka’s dom inance is no t only in term s
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o f  population grow th, bu t it has also becom e the centre o f  industrial, com m ercial, 
cultural, educational and political activ ities in  Bangladesh. The population and grow th 
rates o f  d ifferent census are show n in  Table 2.2:
Table 2.2: Population Growth Rate of Dhaka Metropolitan Area
Y ear
Population
(M illion)
%  o f  G row th Rate 
(Per Y ear)
1951 0.36 1.3
1961 0.56 5.2
1974 1.77 9.3
1980 3.45 9.9
1991 7.35 7.1
2000 10.9 6.0
Source: Asian City Development Strategies: Fukuoka Conference 2000 (City Profiles 2000)
The area o f  D haka M etropolitan C ity 1 is 1,500 square kilom etres w ith  an estim ated 
population o f  10.9 m illion (C ity Profiles 2000). The population grow th rate o f  D haka 
city w as about 6% , an alarm ing rate (A hm ad 2000). In 1951, the  population o f  D haka 
C ity w as 0.36 m illion and it becam e 1.77 m illion  in 1974.
A ccording to the U N  (1999) report sum m arised in  Table 2.3, D haka in 1980 w as not in 
the list o f  top 30 m ost populated cities in the world, but ten  years later in 1990 it 
m anaged to becom e the 25 country in  th is list, w ith a  population  o f  6.6 m illion. 
A ccording to the sam e U N  report, D haka becam e the 11 m ost populated  city in the 
w orld at the end o f  the last century w ith  a  projected population o f  12.3 m illion; and it 
can becom e the 6th m ost populated city  by 2010, w ith an estim ated population  o f  18.4 
m illion. How ever, in  the year o f  2005, the estim ated population o f  D haka m etropolitan 
area w as 12.5 m illion  (W ikipedia 2005).
The grow th rate o f  em ploym ent is very  low  com pared to the  grow th rate o f  the 
population, and th is has led a large proportion o f  the population to engage them selves in 
activ ities that fall under the inform al sector. The inform al sector o f  the econom y thus 
increased (Safiullah 1996). Inform al sectors are sm all tem porary  fam ily businesses, 
w hich m ight not have a legal base (ILO  1972). The m ain activ ities in inform al sectors 
are haw king, repair services, begging, transport, construction etc. In 1974,
1 Dhaka Metropolitan Area = Dhaka City Corporation area plus sub-urban areas
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approxim ately  57.1%  o f  the labour force w as engaged in inform al w ork  and it becam e 
65%  by 1981 (Shankland and Partnership 1981).
Table 2.3: Trading Places on the Top 30 List (Populations in Millions)
1980 1990 2000 2010
1 21.9 Tokyo 25.1 Tokyo 26.4 Tokyo 26.4 Tokyo
2 15.6 New York 16.1 New York 18.1 Mexico City 23.6 Bombay
3 13.9 Mexico City 15.1 Mexico City 18.1 Bombay 20.2 Lagos
4 12.5 Sao Paulo 15.1 Sao Paulo 17.8 San Paulo 19.7 Sao Paulo
5 11.7 Shanghai 13.3 Shanghai 16.6 New York 18.7 Mexico City
6 10.0 Osaka 12.2 Bombay 13.4 Lagos 18.4 Dhaka
7 9.9 Buenos Aires 11.5 Los Angles 13.1 Los Angles 17.2 New York
8 9.5 Los Angles 11.2 Buenos Aires 12.9 Calcutta 16.6 Karachi
9 9.0 Calcutta 11.0 Osaka 12.9 Shanghai 15.6 Calcutta
10 9.0 Beijing 10.9 Calcutta 12.6 Buenos Aires 15.3 Jakarta
11 8.9 Paris 10.8 Beijing 12.3 Dhaka 15.1 Delhi
12 8.7 Rio de Janeiro 10.5 Seoul 11.8 Karachi 13.9 Los Angles
13 8.3 Seoul 9.7 Rio de Janeiro 11.7 Delhi 13.9 Metro Manila
14 8.1 Moscow 9.3 Paris 11.0 Jakarta 13.7 Buenos Aires
15 8.1 Bombay 9.0 Moscow 11.0 Osaka 13.7 Shanghai
16 7.7 London 8.8 Tianjin 10.9 Metro Manila 12.7 Cairo
17 7.3 Tianjin 8.6 Cairo 10.8 Beijing 11.8 Istanbul
18 6.9 Cairo 8.2 Delhi 10.6 Rio de Janeiro 11.5 Beijing
19 6.8 Chicago 8 .0 Metro Manila 10.6 Cairo 11.5 Rio de Janeiro
20 6.3 Essen 7.9 Karachi 9.9 Seoul 11.0 Osaka
21 6.0 Jakarta 7.7 Lagos 9.6 Paris 10.0 Tianjin
22 6.0 Metro Manila 7.7 London 9.5 Istanbul 9.9 Seoul
23 5.6 Delhi 7.7 Jakarta 9.3 Moscow 9.7 Paris
24 5.3 Milan 6.8 Chicago 9.2 Tianjin 9.4 Hyderabad
25 5.1 Tehran 6.6 Dhaka 7.6 London 9.4 Moscow
26 5.0 Karachi 6.5 Istanbul 7.4 Lima 9.0 Bangkok
27 4.7 Bangkok 6.4 Tehran 7.3 Bangkok 8.8 Lima
28 4.6 Saint Petersburg 6.4 Essen 7.2 Tehran 8.6 Lahore
29 4.6 Hong Kong 5.9 Bangkok 7.0 Chicago 8.2 Madras
30 4.4 Lima 5.8 Lima 6.9 Hong Kong 8.1 Tehran
Source: UN, World Urbanisation Prospects, 1999
2.2.2 Housing in Dhaka City
D haka C ity is facing serious shortages o f  housing due to lim ited resources, high land 
prices and high construction costs. Land ow nership in D haka C ity is highly  skewed. 
A bout 80%  o f  the residential land is ow ned by 30%  o f  the population  (C ity Profiles
2000).
A n excerpt show n in Table 2.4 published  by U rban Indicators Program m e (1994-1996) 
has revealed a m ore rigorous statistics about the land d istribution o f  D haka City. The 
report stated that only 2%  o f  the c ity ’s population, w hich constitu tes the upper incom e
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group, uses 15% o f  the residential land o f  the city. The m iddle class (28%  o f  the 
population), occupies 65%  o f  the residential land w hile the rem ainder 70% , w hich 
constitutes the low er m iddle class and  poor, has access to only 20%  o f  the  residential 
land.
Table 2.4: Income Groups and Their Access to Land for Residential Purposes in 
Dhaka City, 1987
Income Group Income Level (Tk.2/Month)
Proportion of 
Households in the 
city (%)
Proportion of City 
residential land 
(%>
U pper Incom e 
Group
A bove 20,000 2 % 1 5 %
M iddle Incom e 
Group
3,001 -2 0 ,0 0 0 2 8 % 6 5 %
Low est Incom e 
Group
B elow  3,000 7 0 % 2 0 %
Source: Urban Indicators Programme Phase I: 1994 -  1996, (City Profiles 2000)
A s show n in Table 2.5, the sam e report stated that 84% o f  housing  in  D haka was 
constructed by the private sector by  1980. In 1991, m ore than  h a lf  o f  the residential 
properties w ere rented w hile about one third w ere ow ned or purchased for subletting. 
Squatters and slum s occupied 6.9%  o f  the total housing and people engaged in  inform al 
em ploym ent are m ainly living there. So, the floor area per person  stands at a dism al 
2.65 square m eters.
Table 2.5: Housing Tenure Types (% Households) in Dhaka, 1991
O w ner and Purchaser 31.9%
Tenant 53.6%
Social H ousing 1.2%
Subtenant and rent free 6.5%
Squatter and other 6.9%
Floor area per persons (sq.m .) 2.65
H ouse Price to incom e ratio 5.0
R ent to incom e ratio 12.0%
Source: U rban Indicators Program m e Phase 1 : 1994, ( C ity  Profiles 2000)
2 Tk (Taka) is the currency in Bangladesh; £1 = Tk. 115.00 (Approximately in December 2005)
2.2.3 Government Expenditure in Housing
H ousing  is indeed one o f  the m ost im portant priorities o f  any governm ent. Bangladesh 
G overnm ent constructed 35,000 rental-housing units for civil servants in D haka through 
the Public W orks D epartm ent (PW D ), by 1980. The PW D also built about 27,000 
ow ner-occupied housing units by 1980. The G overnm ent expenditures on construction 
and housing  sectors in 1987-88 w ere Tk. 10,345.72 m illion (£129 m) and Tk. 2,345.85 
m illion  (£29 m) respectively, w hile in  1995-95 they w ere Tk. 39107 m illion  (£489 m ) 
and Tk. 10,013 m illion (£125 m ) respectively (B angladesh B ureau o f  S tatistics 1996). 
H ow ever, even though the governm ent is spending increased am ounts in these two 
sectors, it is not enough to solve the housing problem s. Since the 1980’s private 
com panies have stepped in to in itiate real estate business, and fill th is gap, through the 
construction o f  m iddle to high-rise apartm ent buildings and selling them  com m ercially. 
D evelopm ent o f  real estate com panies has released m uch pressure on governm ent 
bodies.
2.3 Real Estate in Dhaka
In the private sector, real estate developm ent started in the pre-liberation days in 1964 
w hen Eastern  H ousing Lim ited undertook a land developm ent project at M irpur, an area 
tha t falls under the D haka m etropolitan area. This project w as know n as the “Pallabi 
P roject” . The concept o f  apartm ent developm ent started in the later part o f  the 1970’s, 
w hen Free School Property D evelopm ent Ltd. started developm ent o f  ow nership 
apartm ents in  the Siddesw ori and M oghbazer areas follow ed by Eastern H ousing Ltd. 
D uring the decade o f  1980’s a  num ber o f  com panies cam e into existence and engaged in 
ow nership  apartm ent developm ent. W ith the grow ing num ber o f  com panies, R eal Estate 
and H ousing A ssociation o f  B angladesh (REH A B) w as established in  1991, to deal w ith 
various problem s o f  real estate sector.
E ighty-three real estate com panies w ere m em bers o f  REH A B in 2001 w hile m ore than 
200 com panies w ere w orking independently  (H am id Real Estate 2001). H ow ever, m ost 
o f  the real estate business is dom inated by top 10 com panies and annual grow th rate o f  
th is m arket is 15% (H am id R eal Estate 2001). The real estate and construction industry 
p lay  an im portant role for sustainable developm ent o f  the city. This sector is w ell linked 
w ith  hum an settlem ents, em ploym ent and environm ent.
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O ver the last 15 years the real estate developm ent sector has m ade significant 
contributions to m any sectors o f  the country’s econom y. Since 1985, th is sector has 
created hom es for over 12,000 fam ilies in  the m etropolitan area. A dditionally, 
thousands o f  acres o f  land have been developed into housing estates w here low er- 
m iddle and m iddle-incom e fam ilies can construct their ow n dw ellings (REHAB 
President 2002)
A ccording to a REHAB report (2002), since 1985 this sector has procured construction 
m aterials w orth  over Tk. 10,000 m illion  (£125 million). It provides em ploym ent to 
about 12,000 construction w orkers and pays annually  about Tk. 450 m illion  in wages. 
A pproxim ately 200 architects and consulting engineers are directly  supported by this 
sector, and it pays Tk. 20 m illion  in  professional fees to them . O ver 500 graduate 
engineers hold m anagem ent positions in this sector and alm ost 2 ,500 dip lom a engineers 
are engaged in  this sector. This sector also engages about 5,000 other em ployees in 
sales, accounts, supervision, adm inistration etc. It pays approxim ately Tk. 250 m illion 
annual salaries to these people. A part from  V A T (Value A dded Tax) and taxes paid by 
real estate developers to the governm ent exchequer, the governm ent m ust have collected 
V A T from  im porters and m anufacturers o f  construction m aterials since V A T w as 
im posed in  1993. The fact that m any cem ent, steel and hardw are industries are now  
being set up in consortium  w ith the real estate industry is another indicator o f  
developm ent. N evertheless, all groups o f  people need housing. U ntil 1996, real estate 
com panies targeted m ainly upper incom e groups. Since the slum p o f  share m arket in 
1997, they  have focused on the m iddle-incom e group as well. Land price in D haka city 
is high. Therefore, real estate com panies are m ainly interested in constructing  buildings 
as h igh  as they can secure perm ission for.
2.3.1 Development of Real Estate
T he m ain  reasons o f  the developm ent o f  real estate business in  D haka city can be:
•  Scarcity o f  open space in the im portant areas in the city
•  H azards o f  purchasing land
•  H azards o f  construction o f  buildings
•  R apid increase o f  population in D haka city
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•  D ecrease bank interest rates
•  R apid increase in  p rice o f  land and apartm ents
•  O pen m arket econom y and ease w ith w hich foreign currency can be rem itted
•  Safety and security o f  apartm ent residents
•  C om m on service facilities such as w aste disposal, central satellite TV  channel 
connection, tim e saving services, ro o f  top  facilities, lift and so on
A m ong the principal reasons behind the m ushroom ing o f  the business, are scarcity  o f  
open space in  the im portant locations o f  the city, various hazards o f  purchasing  land and 
constructing buildings and the rapid increase o f  population due to inflow  from  other 
parts o f  the country. R ecently  tw o other reasons geared up the business dram atically. 
The first is the decrease o f  bank interest rates; it is no longer profitable to deposit 
m oney w ith  the banks. Therefore, people are sw itching m oney to safer investm ents, 
such as apartm ents; the price o f  apartm ents are increasing at a  faster rate than that o f  
bank  interest rates, and also the rent o f  apartm ents are h igher than  that o f  privately 
constructed houses. The second reason is the open m arket econom y N ow , rem ittance o f  
foreign currency by non-resident B angladeshis is easier than before. So w age earners 
can easily purchase apartm ents w hile staying abroad. Som e developers give 
advertisem ent on the in ternet and foreign new spapers, w hich  are generally read by 
expatriate B angladeshis. N ow -a-days people are interested to live in an apartm ent 
because, besides security features an apartm ent occupant enjoys o ther com m on 
facilities. To get these facilities in  an ow ner occupied prem ises is very  expensive. A s 
these charges are paid co-operatively, they are cheaper. Som e special facilities like 
gym nasium , prayer room , party  room , C CTV  (C losed C ircuit Television) etc are also 
attractions o f  these developm ents.
2.3.2 Market Segmentation
The apartm ent developm ent projects for residential purposes range from  duplex, 
penthouse, luxury, furnished, unfurnished types to condom inium  and vacation resort 
property. Com m ercial projects include industrial shed, agro farm  house, w arehouse/go 
dow n, com m ercial space, industrial space, office building, office suit, furnished office, 
com m ercial show room , industrial park, factory, shopping centre etc.
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The areas in  D haka city w here residential and com m ercial projects are located: 
D hanm ondi; G ulshan; Banani; Eskaton; Siddeshaw ari; Panthapath; B aridhara; E lephant 
R oad; M irpur D ilkusha C om m ercial A rea; K akrail Road; M alibagh; Lalm atia; Indira 
R oad; Pallabi; O ld A irport Road; Farm gate; Inner C ircular Road; M ohakhali; K alikhair; 
G azipur etc.
The m arket o f  real estate business sector is h ighly  segm ented. The segm entation is 
m ainly  based on the location, price o f  land and size o f  apartm ents. The segm ented areas 
are (Fig. 2.1):
o Segment I: Baridhara, G ulshan, Banani, D O H S, U ttra;
• Segment II: D hanm ondi;
• Segment HI: Segunbagicha, Shantinagar, K akrail, M alibagh, K alabagan;
• Segment IV: M irpur;
• Segment V: Old Tow n o f  D haka City; and
• Segment VI (For O ffice B uildings): M otijheel, D ilkhusha, Fakirapool, Extension 
R oad, R. K. M ission R oad, Shahidbagh, K aw ran Bazar, Pantha Path  etc.
2.3.3 Real Estate Category
B ased on the num ber o f  com pleted buildings and apartm ents, developers have been 
classified into the follow ing four categories, B H B FC  (1997):
• Category A : Real estate developers w ho com pleted 200 flats successfully  in one or 
m ore than  one (but not m ore than 15) build ing projects and achieved goodw ill in the 
m arket.
• Category B: Real estate developers w ho com pleted 100 flats successfully  in one or 
m ore than one (but not m ore than 10) building projects and achieved goodw ill in the 
m arket.
• Category C: Real estate developers w ho com pleted 30 flats successfully  in  one or 
m ore than one (but no t m ore than 3) build ing projects and achieved goodw ill in the 
m arket.
• Category D: D evelopers w ho have ju s t started in  real estate business.
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2.4 Summary
T his chapter described the background to  the developm ent o f  h igh-rise apartm ent 
p ro jects in  Bangladesh. Like other developing countries, B angladesh is experiencing 
rap id  urbanisation m ainly due to m igration from  villages in  search o f  w ork and 
livelihood. The population grow th rate o f  D haka city is quite h igh  com pared to other 
m etropolitan  cities. A ccording to the U N  report (Table 2.3), D haka could  be the 6 m ost 
populated  city in the w orld by 2010 w ith an estim ated population  o f  18.4 m illion. 
D haka is facing serious housing  shortages due to lim ited resources; h igh  land prices and 
high construction costs. Though, governm ent expenditures on construction and housing 
are increasing; it is no t enough to  solve the housing problem s. Therefore, private 
com panies stepped in  to  initiate real estate business through the construction o f  m iddle- 
to high-rise apartm ent buildings and selling them  com m ercially. D evelopm ent o f  real 
estate com panies released m uch pressure on governm ent.
A m ong the principal reasons behind the m ushroom ing o f  the business are scarcity o f  
open space in the im portant locations o f  the city, various hazards o f  purchasing land and 
constructing buildings, and the rapid increase o f  population due to  inflow  from  other 
parts o f  the country. D ecrease o f  bank  in terest rates and rem ittance o f  foreign currency 
by non-resident B angladeshis are tw o recent factors, w hich geared up the real estate 
business.
The developm ent o f  real estate projects varies according to the purpose and location. 
The follow ing chapter w ill provide a  com prehensive literature rev iew  and deal w ith the 
problem s o f  risk m anagem ent strategy and risk  m odelling.
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Chapter 3
LITERATURE REVIEW
3.1 Overview of the Project
Construction is considered unique in stim ulating the growth o f  other industrial sectors 
(H illebrandt 1985) and this contribution varies according to the nature o f  the society in 
which construction takes place (Okapala and Aniekwu 1988). Some o f  the social areas are 
housing, industry, education, recreation and other civil engineering infrastructure projects. 
Construction is a m anufacturing industry (Kwakye 1997) like other industries such as cars, 
furniture etc. However, unlike other durable products construction requires a combination 
o f  land, capital and management. A piece o f  land is needed for locating and producing the 
construction project. Capital funds are required to finance m aterials, plant/equipm ent and 
manpower. M anagem ent is required to plan, organise and co-ordinate the production 
processes. The products o f  the construction industry are fixed assets, requiring buildings 
and civil engineering infrastructure. It develops the built environm ent by adding civil 
engineering infrastructure like roads, bridges etc. The returns o f  this industry may be 
monetary (i.e. commercial buildings) or non-monetary (schools, hospitals etc). The 
construction industry is considered as a com plex and comprehensive industry that remains 
low technology and labour intensive. In the context o f construction, procurem ent is 
considered as the total process from inception (client’s initial idea) to com m issioning o f  a 
project. Construction activities cover a  wide range o f  loosely integrated groups o f 
participants and organisations. Due to the nature o f  the industry, it involves different kinds 
o f  professionals and participants w ith diverse skills. Construction has some unique 
characteristics due to the physical nature o f  the product and a group o f  activities invariably 
related by the nature o f  these products, technologies etc. It is a consortium  industry 
comparable to a  com pleted building that is composed o f  an assem bly o f  building 
m aterials/com ponents and equipment produced by other industries.
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Okapala and Aniekwu (1988) felt that the increasing demand for all the infrastructure 
developm ents, coupled with ailing national economies o f  most o f  the developing countries 
and tight m onetary budget under which these developm ents take place, requires the 
construction industry to accept a big challenge to cut costs. The reputation o f  construction 
industry depends on completion o f  projects on time within the budget and maintaining 
proper quality (Chan and Kum arasw am y 1994). A ccording to N ED O  (1988), com pletion o f  
a project on tim e is the most important indicator o f  an efficient construction industry. Time 
overrun is considered to be the m ain cause o f  cost overrun and it affects both clients and 
contractors. The client incurs losses for delayed financial return from the use o f  facility and 
the contractor and owner suffers from increased overhead cost, while a  delayed project 
blocks other investment opportunities.
In com m on with m ost other developing countries, demographic changes are taking place in 
Bangladesh resulting in massive migration o f population from villages to urban areas in 
search o f  em ploym ent and livelihood. This migration is causing enorm ous pressure on the 
housing sector in cities, especially in Dhaka. Government spending on housing is very 
limited; the government m ainly provides for its employees, which itself is not enough. 
Since 1980’s private companies have stepped in to initiate real estate business through the 
construction o f  middle- to high-rise apartm ent buildings and selling them  commercially. 
The main reasons for high-rise constructions in oppose to low-rise ones are the scarcity o f 
land and high land prices.
Like other developing countries, such as N igeria (Okapala and Aniekwu 1988; Elinwa and 
Buba, 1993), M alaysia (Young, 1988) and Indonesia (Kaming, et al. 1997), high-rise real 
estate projects along with other building and civil engineering projects in Bangladesh are 
suffering from construction tim e and cost overruns. It has been revealed by m ost o f  the 
researchers in different countries like Okapala and Aniekwu (1988) in N igeria, and Kaming 
et al. (1997) in Indonesia that a  lack o f  proper managem ent causes m ost o f  the tim e and 
cost overruns. Therefore, an efficient time and cost m anagem ent should increase the 
efficiency o f  the construction industry, which in turn would help the N ational GDP.
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3.2 Causes of Time and Cost Overruns
Clients and developers o f  construction projects aim at generating profit or returns from the 
property as early as possible like in Hong Kong (Shen 1997). However, m ost o f  the real 
estate projects are not finished on tim e and within budget. Delays in the com pletion o f  
construction project cause extra costs and loss in financial return and other benefits. Shen 
(1997) stated, “ It is not uncommon to  find construction projects with cost overrun, time 
delay and poor quality caused by various risks” . Colin and Rekin (1997) stated that, in the 
past, delays in the completion o f  construction project were acceptable; how ever today’s 
clients have to work under a  stringent economic climate with very tight budgetary 
constraints and any form o f  delays or overruns becomes a significant consideration. A 
project is considered ‘successful’ if  it is completed on time, w ithin budget and to the 
specified quality (Chan and Kum araswam y 1994). M oreover, Rw elam ila and Hall (1995) 
indicated that the tim ely completion o f  a project was frequently seen as a m ajor criterion o f 
a successful project.
Figure 3.1: Project Heterogeneity
pftofwi fh»
SIMILARITIES
DIFFERENCES
Source: Raftery, J. (1994); p. 10
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In practice, buildings and many engineering projects consist o f  alm ost sim ilar set o f 
construction activities involving a variety o f  materials and specifications on various sites. 
So, in term s o f  activities and process all building projects are alm ost identical but due to its 
own physical characters each project is an individual. In the above project heterogeneity 
diagram (Figure 3.1), Raftery (1994) showed building project risks (sim ilarities and 
differences) for two different projects.
Regardless o f  the type o f  construction, causes o f  time overruns can be divided into three 
categories based on the contractual parties concerned (Antill and W oodhead 1990):
•  Those over which neither party to the contract has any control.
•  Those over which the client (or his/her representative) has control.
•  Those over which the contractor (or any sub-contractor) has control.
These delays can be caused by a large num ber o f  variables (Kaming, et al. 1997), which 
include: inclement weather; inaccuracy o f  material estimates; inaccurate prediction o f 
craftsm en’s production output (especially in developing countries, w here outputs are yet to 
be standardised); inaccurate prediction o f  production rates; m aterial shortages; equipm ent 
shortages; skill shortages; locational project restrictions; inadequate planning; poor labour 
productivity; and design changes. It is recognised that all these variables m ay not have the 
same im portance in the delay in project completion.
Kaming, et al. (1997) also added that the prim e variables o f  cost overruns have been 
com m only identified as: unpredictable weather; inflationary material cost; inaccurate 
material estimates; complexity o f  project; contractor’s lack o f  geographical experience; 
contractor’s lack o f  experience o f  project type; and non familiarity with local regulations.
3.3 Management of Time and Cost Overruns
Any construction project comprises m any activities, which are dependent on numerous 
elem ents such as material, m anpower, environm ent etc. The construction environm ent is 
dynamic in nature due to change o f  environm ent and conditions w hile the elem ents are
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uncertain variables. The relationships among these elem ents are non-linear, w hich make the 
w hole environm ent o f  a construction project complex. Therefore, it is a common 
phenom enon that construction m anagers fail to m eet deadlines and run the risk o f  cost 
overruns. This affects all parties concerned with the projects. However, m ost o f  the risks 
can be managed or reduced by careful handling.
According to Mok, Tum m ala and Leung (1997), the managem ent problem s could be 
m itigated using a systematic risk m anagem ent process. Some o f  the advantages o f  using 
this system atic process are:
•  Allows judgem ent and intuition in decision making to be presented in a meaningful 
way.
•  Comes useful for com plex decision problems.
•  M akes it easier to interpret more accurate cost estimates.
•  Enables the decision-m aker to confront risks and uncertainty in a realistic manner.
•  A llows the decision-m aker to judge how much information has to be gathered in a 
decision problem.
•  Provides a systematic and logical approach to decision making.
•  Provides a few guidelines to aid problem formulation.
•  Permits a thorough analysis o f  alternative options.
In project managem ent terms, m ost effects o f  risk can be summarised as failure to keep cost 
w ithin the estimate; failure to achieve the required completion date; and failure to keep 
required quality and operational requirem ents (Thomson and Perry 1992). The basic 
principle o f  systematic risk managem ent process is to ensure that risks associated with a 
construction project are managed in the m ost efficient manner. The purpose o f  risk analysis 
and m anagem ent is to help m anagers to avoid failure. Chapman (1997) suggested that a 
formal risk managem ent process could be applied at all stages in the project life cycle, by 
clients (project owners) and contractors (other parties associated with the project).
Akintoye and M acleod (1997) stated that most o f  the contractors in developing countries 
are not using risk analysis and risk management. The reasons are: unfam iliarity with the
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techniques; the degree o f  sophistication o f  the technique is unwarranted; lack o f  tim e plus 
lack o f  information and knowledge; doubts w hether these techniques are applicable to the 
construction industries; m ost construction projects are seldom large enough to warrant the 
use o f  these techniques; they require availability o f  sound data to ensure confidence; and 
the vast majority o f  risks are contractual where it is difficult to see the benefits o f  the 
application o f  the technique.
3.4 Risk
Risk is an abstract term (Raftery, 1994). Hertz and Thom as (1983) defined risk as the 
possibility o f  loss, injury, disadvantage or destruction; Yin (1990) used the same definition. 
Royal Society (1983) viewed risk as "The probability that a particular adverse event occurs 
during a stated period o f  time, or results from a particular challenge." Godfrey (1996) also 
defined risk as the chance o f  adverse effect:
Risk =  Likelihood x Consequence; or Risk = Probability x Cost
In any risk event there is always a probability o f  not receiving w hat is expected. M any 
authors considered risks by loss o f  items only. However, the outcom es o f  risk affected 
events or activities can be better or worse than originally expected. Cooper and Chapman
(1987) defined risks as “Exposure to the possibility o f  economic or financial loss or gain, 
physical damage or injury or delay as a sequence o f  uncertainty associated with pursuing a 
course o f  action”. Raftery (1994) gave a mathematical definition sim ilar to Godfrey (1996) 
considering either loss or gain:
Risk = Probability o f  event x m agnitude o f  loss/gain
Taking decision on the basis o f  judgem ents, experiences, assum ptions, expectations, 
estim ates and forecasts o f  future activities or events always involve risks. Risks are not 
precisely measurable, as in most contexts the future is unknown. Therefore, decision­
m akers in business take decisions based on their expectations. U sually the expectations are
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influenced by different kind o f  extem al/intem al, tangible/intangible influences, which are 
risks.
In the construction industry, an activity may have several alternative outcom es with 
different possibility o f  occurrence and m agnitude, which may cause tim e or cost overrun 
throughout the life cycle o f  a project. Therefore, risk can be expressed considering different 
outcomes o f  an event:
R isk = Probability o f different outcomes o f  an activity x Consequences 
(M agnitude o f  loss/gain)
3.4.1 R isk  an d  U ncerta in ty
Experts like Hertz (1984), Flanagan, N orm an and Furbur (1983), Stevens (1990) and 
Raftery (1994) use the terms risk and uncertainty synonym ously and interchangeably. 
Turner, Pearce and Bateman (1994) in defining particular technical aspects o f  the subject 
made clear distinction between risk and uncertainty. Hertz (1984) m ade a distinction 
between risk and uncertainty based on w hat the decision-m aker knows about the events. 
The outcome o f  any hum an endeavour is not known with certainty. Considering the 
difference between expectation and realisation o f  any event, Schum peter (1934) termed an 
event as a  risk when its outcomes can be estim ated from probability distribution; otherwise 
the event is term ed as uncertainty. Considering probability distribution, Lindley (1981) and 
Flanagan & Stevens (1990) used statistical analysis in differentiating risk and uncertainty 
based on availability o f  data. Raftery (1994) differentiates risk and uncertainty as:
T ab le  3.1: T he  R isk -U n certa in ty  C on tinuum
R isk U ncerta in ty
Quantifiable N on- quantifiable
Statistical assessment Subjective probability
Hard data Informed opinion
Source: Raftery, J. (1994); p. 8
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Risk is m ore assessable when statistical data is used to evaluate the likelihood and size o f 
the potential hazard. Uncertainty is less assessable as no data exists; decision-m aker must 
rely on informed opinions. Flanagan and N orm an (1993) gave the following definitions:
C erta in ty : exists when an event can be predicted precisely.
R isk : exists when the probability o f  outcom es o f an event can be assessed.
U ncerta in ty : exists when an event does not have historic data or previous history relevant 
to the event.
Riggs and W est (1986), Daellenbach (1994), Rejda (1995), Godfrey (1996), M awdesley et. 
al. (1997), and Kwakye (1997) considered risk and uncertainty as same term , but they 
divided risk into objective risk and subjective risk. Rejda (1995) gave the following 
definitions:
O bjective risk : relative variation o f  actual loss from expected loss 
Subjective risk : based on person’s mental condition or state o f  mind
A well-inform ed decision is one, w hich makes use o f  all available, useful and relevant 
information, both subjective and objective. In most cases, decision-m akers are neither 
com pletely ignorant nor do they feel that they know with certainty the probabilities o f 
future events. M any situations in the construction industry are unique and non-repetitive. 
This means that the decision-m aker often makes "non-statistical" or subjective probability 
assessments, which are consistent and coherent in terms o f  the laws o f  probability in order 
to represent the uncertainty, which exists in decision situations (Hertz 1984). Commonly, 
risk applies to quantifiable aspects o f  uncertainty, but uncertainty will continue to exist in 
the figures used in risk analysis. This shows that the distinction between risk and 
uncertainty has limited value in the practical process o f  risk analysis. A lthough in a 
practical situation, the distinction between risk and uncertainty is not critical, the concepts 
o f  risk m ust strictly reflect the realities o f  a decision situation. Actually, risk stems from 
uncertainty.
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The distinction between these two terms depends mainly upon the possession of 
information, historical data, experience and knowledge about the event. In some cases it 
depends upon the development of science and technology. For example, an expert quantity 
surveyor may estimate the cost of a building within a limited range based upon his 
experience and knowledge. However, due to lack of experience, the same risks could be 
uncertainties to a beginner in this field. Therefore using simulation, experience and 
judgement additional data can be obtained and some uncertainties can be transferred to 
risks. Techniques such as, simulation and expert systems can be applied to generate 
additional data to convert uncertain factors into risk factors.
3.4.2 R isk  an d  C onstruction
According to Glendon (1994), perception of risks is different to different professionals. He 
illustrated risks as a model, which has a multidisciplinary approach comprising “Three 
domains” as in the following figure:
F igu re  3.2: A M u ltid isc ip linary  C ontex t fo r R isk  S tudy
Source: Brehmar, W. T. (1974); p. 88
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From the above figure it is evident that the innermost domain is risk appraisal consisting o f 
a benefit/cost analysis. Calculating probabilities and engineering risks fall in this domain. 
The construction industry is subject to more risk than many other industries. The process 
involved in construction industries from inception stage to service stage is complex. And 
m ultitude o f  people with different skills and interests work there. This complexity 
m oreover, is complemented by m any external and uncontrollable risks.
“N o construction project is risk free. Risk can be m anaged, m inim ised, shared, 
transferred1 or accepted. It cannot be ignored.”
Sir M ichael Latham, 1994
Throughout its life-cycle, the construction industry is troubled with risks. R isk is inherent 
in construction projects and Hayes et al. (1986) stated “complexity, speed o f  construction, 
location o f  projects and familiarity w ith the projects could be m ore im portant sources o f 
risks rather than the size o f  projects.”
As m entioned earlier in this chapter, individual building and civil engineering projects have 
a sim ilar set o f  activities i.e. substructures and superstructures o f  a building. But practically 
every project is a standalone w ork due to individual physical characteristics, weather, 
m aterial specification and availability and economic reasons etc. M oreover, the differences 
in m anagem ent and interpersonal behaviour would be different (Raftery 1994).
3.4.3 Risk Management
Risk m anagem ent aims to identify, quantify and predict all the risks that a project can get 
exposed to, so that a conscious decision can be taken as how to manage the risks effectively 
(K w akyel997). M any construction projects indicate poor perform ance, in achieving time 
and cost targets, with specified quality due to either unforeseen events (which may or may 
not have been anticipated by an experienced project manager) or foreseen events in which 
uncertainties were not appropriately accom m odated. There is a consensus that a significant 
im provem ent to project managem ent perform ance could result from greater attention to the
1 Although risk can be transferred, legal duties and responsibilities cannot.
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application o f  risk m anagem ent (Chapman 1988). Though risk m anagem ent does not 
rem ove all the risks from a project but it provides effective methods to deal with it. It gives 
better and more realistic information for decision making and enables decisions to be made 
in a  m ore scientific and effective way, rather than being too subjective. The quality o f 
decision m aking is likely to be better i f  the num ber o f  uncertainties can be reduced.
Furthermore, risk managem ent has a powerful im pact upon the managem ent. It forces a 
realisation that there is a range o f  possible outcom es in terms o f  cost or tim e for any 
project, and that the possibility o f  getting a better outcome can be increased by adopting 
various response strategies. The better the understanding o f  possible outcom es, the less the 
size o f  risk exposure will be, and vice versa.
In risk management, all risks are associated with certain specific source(s), which must be 
identified. Each source has a set o f  outcom es and each outcome has a probability o f 
occurrence. Num erous estim ates o f  values for construction cost or com pletion tim e will 
provide a more realistic view  about the future o f  a project than a single estimate. For many 
risks, there are insufficient objective data due to the non-repetitive nature o f  construction 
and hence it is difficult to make probability judgem ents. Therefore, subjective probabilities 
m ust be assigned, to develop subjective attitudes towards the risk.
3.5 Risk Management System
Risk m anagement has been w idely described as a sequential system to improve project 
perform ance effectively. The system should be simple, realistic and econom ic. During the 
literature survey it had been noticed that organisations in developing countries hardly use 
risk managem ent processes. The main reason for this is: unfamiliarity with the system and 
concern that it is a com plicated process requiring vast data. Unfortunately, most 
organisations do not keep data in a systematic way. However, it should not be based on data 
only but also on experience, judgem ent, analysis, intuition and w illingness (Flanagan and 
N orm an 1993). M any writers such as Perry and Hayes (1985) and Flanagan and Norman 
and Furbar (1983) suggested that the m anagem ent could achieve a great im provem ent in its 
uncertain environm ent through the operation o f  the system.
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D ifferent exponents give a breakdown o f  the system into several steps. Chapman and W ard 
(1997) introduced formal Risk M anagem ent Process (RM P) in nine phases which is shown 
in Figure 3.3:
Figure 3.3: Structural Flowchart Risk Management Process (RMP)
Source: Chapman, C. and Ward, S. (1997); p. 48
Kwakye (1997) divided it into four steps as being aware o f the risk, identification o f  the 
risk factor, analysis o f  risk and form ulation o f  appropriate risk responses. Rejda (1995) 
divided it into identification, evaluation, selecting appropriate technique(s) and 
implementation o f  the programme. Flanagan and Norm an (1993) divided it into five steps 
as in Table 3.2:
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Table 3.2: R isk M anagem ent Fram ework
Risk identification Identify the source and type o f  risks.
R isk classification
Consider the type o f  risk and its effect on the person and 
organisation.
Risk analysis
Evaluate the consequences associated with the type o f  risk, or 
combination o f  risks, by using analytical techniques. A ssess the 
impact o f  risk by using various risk managem ent techniques.
R isk attitude
Any decision about risk will be affected by the attitude o f  the 
person or organisation is making the decision.
Risk response
Consider how the risk should be managed by either transferring it to 
another party or retaining it.
Source: Flanagan, R. and Norman, G. (1993); p. 4
Raftery (1994) simplified Flanagan and Norm an (1993)’s five-step risk m anagement 
system to three-step cycle comprising identification, analysis and response, as shown 
bellow in Figure 3.4:
Figure 3.4: Risk Management Cycle
Source: Raftery, J. (1994); p.18
3.5.1 Risk Identification
Risk identification is the m ost important and difficult part o f the risk m anagem ent cycle. 
Though the reality o f  the risks involved in a project increases as the project proceeds, it is 
always preferable to take m ajor decisions early in the life o f a project. M any experts believe
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that the main benefits o f  risk m anagem ent systems come from identification rather than the 
analysis step. Once a risk has been clearly identified then it is not a  risk; it becom es a 
m anagem ent problem. The main task at this stage is to find out the source and type o f  risks 
involved in a project and to provide a preliminary assessm ent o f  their consequences. 
According to Hayes et al. (1986), the key question to ask in risk identification step is “what 
are the discrete features o f  the project (risk sources), which might cause such failures?”
Risk managem ent can be applied at any stage o f  a project; but it is preferable to do so at the 
inception o f  a project i.e. proactive rather than reactive. M awdesley, Askey and O ’Reilly 
(1997) stated that risk identification process could be carried either by interviewing or by 
brain storming meeting with project participants or interested parties, reviewing past 
corporate experience and reliance on risk analyst.
3.5.2 Risk Analysis
It is the second step in the risk m anagem ent system. The aim o f  the evaluation step is to 
quantify the effects o f  risks identified in the construction project. Quantification o f  the risk 
is necessary, as it enables to know the magnitude o f  the risk. M oreover, it assists the 
decision-m aker to take a decision. M any techniques have been developed to help risk 
analysis by m easuring risk size and risk effects. The choice o f  technique depends upon the 
type o f  risk, the availability o f  data, past experience and personal choice o f  the individual.
The main purpose o f  a risk m anagem ent system is to assist in taking the right decisions. 
The essence o f  risk analysis is to provide a means by which the decision-m aker can look 
ahead to possible future events and have a fair idea about the probability o f  occurrence o f 
those events. Analysis helps the decision-m aker to decide w hether to approve a project or 
not, and w hether he should adopt som e particular strategy regarding future risks. A t the 
design stage, the traditional approach for forecasting price or duration o f  a project is to 
produce a single point best estimate, using available data. However, this m ay not happen 
during real construction, due to uncertainty. Risk analysis approach explicitly recognises 
the uncertainty that surrounds the best estimate by generating a probability distribution 
based upon expert judgem ent.
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3.5.3 R isk Response
The purpose o f  identification and analysis is to help a decision-m aker respond precisely, 
and in advance to the occurrence o f  an event. The greater the uncertainty in a project the 
more flexible the response m ust be (Hayes, et al. 1986). For serious consequences 
reappraisal or even complete abandonm ent m ight be needed. There are four sequential 
ways to respond to risks, which can be used individually or combined, as shown below.
Allocation
Avoidance Reduction Transfer A bsorption
A voidance: Avoidance is simply refusal o f  accepting risks. A t the inception o f  a project 
there could be different alternative ways to perform different m odules o f  a construction 
project. In some occasions it can be seen that some risks are unacceptable and in such cases 
the best w ay is to remove the activity and reassess the project. The advantage o f  avoidance 
is that theoretically the perceived chance o f  loss due to this risk is reduced to zero. 
However, it may not always be possible to avoid all risk losses.
R eduction : W hen risks cannot be avoided, steps should be taken to reduce them . The best- 
known way o f  reducing risks in construction industry is by sharing risk exposures with 
other parties. The general contractor m ay impose liquidated damage clause am ong sub­
contractors, to reduce his exposure to the same. According to Flanagan and N orm an (1993), 
there are four basic ways to reduce risks. These are:
•  Providing proper education and training to alert staff to consequences o f  potential risks
•  Providing physical protection to reduce the likelihood o f  risks
•  Introducing systems to ensure consistency and to make people ask ‘what i f  questions
•  Providing physical protection to people and property
T ran s fe r: Transfer does not reduce the exposure to risks; it ju s t transfers risk to another 
party. There is always a possibility o f  transferring risk to another party. The party to whom
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it is being transferred may not be aware o f  the risks they have been asked to absorb and also 
m ay not be in a position to carry such a risk. The m ost common form o f  risk transfer is by 
m eans o f  insurance, which could be very expensive, as fault free building cannot be 
guaranteed and the defects m ay be discovered long after the actual com pletion (Flanagan 
and N orm an 1993). According to Hayes et. al. (1986), the routes for transferring risk in 
construction projects and contracts are:
•  C lient to contractor or designer
•  Contractor to sub-contractor
•  Client, contractor, sub-contractor or designer to insurer
•  Contractor or sub contractor to surety or guarantor
A b so rp tio n : Sometimes it is feasible to absorb the cost o f  some risks by the project; 
usually these risks are individually small and repetitive. The level o f  absorption depends on 
financial circumstances and the likelihood o f  loss.
3.6 R esearch  M ethodology
H aving studied the various risk m anagem ent systems outlined in section 3.5, the researcher 
cam e to  the conclusion that R aftery’s risk m anagem ent cycle (Fig 3.4) lends itself to the 
current project; because o f  its elegance and simplicity, and also its com prehensive scope. 
This approach then entails three m ain steps nam ely identification, analysis and response. 
The first step, identification, is designed for identification and classification o f  potential 
variables causing time and cost overruns and data collection. The second step, analysis, is 
designed for sim plification/reduction o f  variables, relevance o f  variables and identification 
o f  im portant variables/factors. The third step, response, is designed to conduct a follow-up 
survey for identification and classification o f  potential m easures to m itigate tim e and cost 
overruns.
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3.6.1 Data Collection
The design o f  research approach serves as the blueprint o f  a research project, linking data 
collection and analysis o f  the research questions and ensuring that the com plete research 
agenda will be addressed (Bickman, Rog and Hedrick 1998). It provides a procedure that 
can be followed throughout the project. There are two main research design methods i.e. 
qualitative and quantitative. Both o f  them respectively generate advantages and some 
lim itations (Patton 1990). The form er method is said to be capable o f  reaching deep into the 
object (Cronbach 1975; M erriam 1988; Creswell 1994). However, it confines the researcher 
to a  limited population and the findings cannot be statistically generalised (Strauss and 
Corbin 1990) to w ider populations. One option o f  data collection could have been 
considered through a single extrem e case study. But, this option was ruled out as it was 
clearly not possible to identify an appropriate example o f an extrem e case study project 
before starting data collection. The quantitative method is much m ore convenient for a 
survey o f  a wide range o f  population and tactically easier for statistical generalisation 
(M arshall and Rossman 1980). W hilst this may miss the contextual detail (M iles and 
Huberm an 1994), the advantages offered in generalisation o f  the findings led to the 
adoption o f  the survey based research methodology.
It is im portant to keep in mind that these two different approaches are not necessarily polar 
opposites and can be com plem entary to each other. Sieber (1973) stated that qualitative 
data can help the quantitative side o f  a study during the design pnase, by aiding with 
conceptual developm ent and instrumentation. They can help during data collection by 
m aking access and data collection easier. During analysis, they can help by validating, 
interpreting, clarifying and illustrating quantitative findings. A lthough some social science 
researchers (Lincoln and Guba 1985; Schwandt 1989) perceive qualitative and quantitative 
approaches as incompatible, others (Reichardt and Cook 1979; Smith and Louis 1982; 
Rossm an and W ilson 1984) indicate that a skilled researcher can successfully combine 
these two approaches. A third method, which combines both qualitative and quantitative 
approaches known as a mixed-method, is increasingly becom ing m ore popular (Patton
1990).
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W hich o f  the m ethods can be chosen depends on the nature o f  the project, the type o f  
information needed, the context o f  the study and the availability o f  resources (M axwell 
1998; Rossi, W right and Anderson 1983). It is imperative for a researcher to choose the 
right method to elicit proper information from respondents. The researcher m ust consider 
identification o f  the objectives and types o f  information necessary for the research project. 
In order to achieve the objectives o f  the research project in section 1.3 o f  chapter 1, a 
comprehensive method o f  data collection is required to generalise the results where 
respondents’ comments can be useful interpreting results from data collection and analysis. 
Considering objectives o f  the research along with various advantages and disadvantages o f  
different methods, the mixed-method approach was deemed suitable and adopted for data 
collection.
3.6.2 Data Analysis
Data is known to be crude information and not knowledge by itself. The transform ation o f  
data to knowledge takes place through the following steps (Arsham 1994):
•  Data to information
•  Information to facts
•  Facts to knowledge
D ata becomes information when it becom es relevant to decision problems. Information 
becom es fact, when the data can support it. Facts are what the data reveals. Fact becomes 
knowledge when it is used in the successful completion o f  a decision process. W hat is 
really needed in a complex problem solving process is information. D ata requires probes 
and tools to extract relevant information (Krzanowski 1988). The decision m aking process 
under uncertainty is largely based on application o f  statistical data analysis (M ardia, Kent 
and Bibby 1979). The figure 3.5 depicts the fact that as the exactness o f  a statistical 
analysis increases, the level o f  improvements in decision-m aking increases.
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Effective statistical analysis tools serve in two capacities: to sum m arise the data and to 
assist in interpretation. The objectives o f  interpretive aids are to reveal the data at several 
levels o f  detail. Exploring the data picture sometimes requires a w ide-angle lens to view  its 
totality and some other times it requires a close up lens to focus on fine details (Arsham
1994)
Figure 3.5: Statistical Thinking Process
Level of exactness
of statistical model Knowledge
I n f o r m a t i o n
Level of improvements 
on decision making
Source: Arsham, H. (1994)
Construction is a high investment business involving a large num ber o f  risks, in areas such 
as safety, delays and costs (Assaf, Al-Khalil and Al- H azm il995; Okapala and Anikwu 
1988; Elinwa and Buba 1993). Involvem ent o f  a large num ber o f  risks often makes decision 
m aking processes complex in construction industry due to multiple relations and 
interactions among the variables. This type o f  multiple relationships can adequately be 
exam ined using multivariate techniques to obtain more com plete and realistic 
understanding for decision making (K aiser 1960; and Gatty 1966). M ultivariate, as the 
name implies, means the use o f  m ore than one variable at once. Since variables usually 
contain information, it should be obvious that the inclusion o f  m ore inform ation in an 
analysis is likely to lead to a  better understanding o f  the problem. Also, m ultivariate 
techniques can reduce the num ber o f  risks with minimum loss o f  information (Hardyck and 
Petrinovich 1976). It requires com plex calculations; therefore m ultivariate statistics were 
not w idely used until the invention o f  microcom puters (Hair et al. 1995). In recent years, 
multivariate analytical techniques have been w idely applied in industry7, governm ent and 
university-related research centres and have achieved enormous success in psychological,
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sociological, m arketing and many other sectors dealing with human behaviour (Hair, et al.
1995). Hair et al. (1995) further added that few fields o f  study c r research have failed to 
integrate m ultivariate techniques into their analytical ‘toolbox’.
There are many types o f  m ultivariate techniques such as m ultiple regressions, m ultiple 
discrim inate analysis, m ultivariate analysis o f  variance, factor analysis, multidim ensional 
scaling, etc. The type o f  multivariate techniques to be used depends on w hether to use 
dependence technique or interdependence technique (Chatfield and Collins 1980). In 
dependence technique, a variable or set o f  variables is identified as dependent variable to be 
predicted or explained by independent variables. M ultiple regression analysis is an example 
o f  a  dependence technique. If  interdependence technique is applied, no single or group o f  
variables is defined as being dependent or independent. Rather, the procedure involves the 
analysis o f  all variables in the set simultaneously. Factor analysis is an exam ple o f  an 
interdependence technique.
Ranking o f  variables is the m ost common technique o f  data analysis. This is used to find 
out the relative importance o f  variables and has been used to carry out many construction 
research projects (Arditi, Akan and Gurdam ar 1985; M ezher and Tawil 1998). M ultiple 
regression analysis is the main m ultivariate technique being used in construction research 
projects. Kam ing et al. (1997) successfully used the factor analysis technique in a 
construction research project in Indonesia. There is a scope to carry out m ore research to 
capitalise on the full benefits o f  using multivariate techniques in the decision making 
process o f  the construction industry.
Ranking o f  variables has been used for preliminary data analysis to find relative importance 
o f  individual variables towards issues. D ifferent types o f multiple regression, including 
stepwise selection, have been used as dependence technique. For this research project, 
factor analysis has been used as an interdependence technique for the data analysis.
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3.7 A llocation o f  C h ap te rs  in R a f te ry ’s R isk  M anagem en t Cycle
The m ethodology o f  the research adopted in this project falls in line w ith Raftery’s three 
steps risk m anagement cycle as shown in Table 3.4, namely identitication, analysis and 
response. It is emphasised that the resem blance o f  Raftery’s risk m anagem ent model to this 
research project became apparent during the literature review, and hence ‘research 
m ethodology’ is presented as a  link to and among the chapters from 4 to 9.
Chapters 4 and 5 can be identified as the first step o f  Raftery’s three steps risk management 
cycle, risk identification. Chapter 4 deals with the identification o f  risks o f  delays and costs, 
the developm ent o f  a questionnaire using the identified risks and the developm ent o f  a data 
collection strategy. Chapter 5 describes the experience o f  on-site data collection, using the 
questionnaire. Guidelines have been given as to how such a future survey should be 
conducted in this chapter.
Chapter 6, 7 and 8 refers to Raftery’s second step, risk analysis. Chapter 6 describes the 
strategy o f  data analysis and prelim inary results o f  the analysis. C hapter 7 deals with the 
identification o f  important delay variables, application o f  factor analysis to group these 
im portant variables according to the stages o f  the project; application o f  stepwise regression 
to identify and analyse inter-stage links am ong factors and the assessm ent o f  the 
appropriateness o f  these statistical m ethods in risk analysis. Chapter 8 presents the strategy, 
developm ent and evaluation o f  a m ultiple regression model.
T ab le  3.3: C h ap te rs  a llocation in R a f te ry ’s R isk  M anagem en t Cycle
R isk  M an ag em en t Cycle N am e o f C h a p te r No o f  C h a p te r
R isk Identification Questionnaire design Chapter 4
Data collection Chapter 5
R isk Analysis
D ata analysis Chapter 6
Factor analysis Chapter 7
M ultiple regression model Chapter 8
R isk Response Second survey and data analysis Chapter 9
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Chapter 9 links with the third step o f  R aftery’s three steps risk m anagem ent cycle, which is 
risk response. This is a second survey to ascertain how the delay risk can be m itigated. This 
chapter describes the plan, strategy and questionnaire developm ent based on the initial 
result o f  the preliminary survey. It also describes the analysis and result o f  the second 
survey. During both the initial and second survey, interviewees’ com m ents were recorded 
as qualitative data. Qualitative data has been analysed and compared with the result o f  the 
initial and second survey in chapter 9. Chapter 10 presents the conclusions o f  the thesis. As 
part o f  the explanatory nature o f  a research project, a num ber o f  recom m endations have 
been identified for further studies.
3.8 Summary
Throughout its life-cycle the construction industry faces a large num ber o f  risks. It is 
com m on in real estate industry in Bangladesh to cope with the risks o f  failing to meet 
deadlines, which in turns cause cost overruns. Researchers in different countries like 
O kapala and Aniekwu (1988) in Nigeria, and Kam ing et al. (1997) in Indonesia has shown 
that a lack o f  proper managem ent causes m ost o f  the tim e and cost overruns. According to 
M ok, Tum m ala and Leung (1997), the m anagem ent problems can be m itigated using a 
system atic risk managem ent process. The basic principle o f system atic risk managem ent 
process is to ensure that risks associated w ith a construction project are m anaged in the 
m ost efficient manner. The purpose o f  risk analysis and managem ent is to help m anagers to 
avoid the failures. This systematic process allows judgem ent and intuition in decision 
m aking to be presented in a meaningful way; it is useful for com plex decision problems; it 
m akes it easier to interpret true cost estimates; enables the decision-m aker to confront risks 
and uncertainty in a realistic manner; allows the decision-m aker to judge how  much 
inform ation to gather in a decision problem; provides a systematic and logical approach to 
decision making; provides a few guidelines to aid problem formulation; and perm its a 
thorough analysis o f  alternative options. A  formal risk managem ent process can be applied 
to all stages o f  the project life-cycle (Chapman 1997).
D ifferent exponents give a breakdown o f  the systematic risk m anagem ent process into 
several steps. Flanagan and Norm an (1993) divided it into five steps as in Table 3.2.
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Chapm an and W ard (1997) introduced formal Risk M anagem ent Process (RM P) in nine 
phases, which is shown in Table 3.3: Flanagan and Norm an (1993) used a five-step risk 
m anagem ent system. Due to the logical simplicity, the researcher has chosen to use 
R aftery’s (1994) three steps cycle com prising identification, analysis and response, as 
shown in Table 3.4.
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Chapter 4
FIRST SURVEY
QUESTIONNAIRE DEVELOPMENT
4.1 Introduction
It was necessary for this study, to investigate the causes o f  tim e and cost overruns to 
m itigate their consequences. A survey is a mode o f  interrogation to obtain the best possible 
information/data from the respondents, about their opinion on an issue. Therefore, an in- 
depth survey was conducted in the high-rise construction industry between m id February 
and early A ugust o f  1998 in Dhaka, Bangladesh. It is vital to choose the right method to 
maximise elicitation o f  information from the respondents. In social survey, researchers use 
sequential steps in designing research projects according to type and nature o f  the research. 
For e.g. M cNeill (1990), suggested 14 stages including optional stages; M orse (1998) used 
seven; and Vaus (1996) used five. The following are the necessary steps used for this 
survey design:
1. Establish the goals o f  the survey project - W hat you want to learn
2. Determ ine your sam ple - W hom you will interview
3. Choose interviewing m ethodology - How you will interview
4. Create your questionnaire - W hat you will ask
5. Pre-test the questionnaire, i f  practical - Test the questions
6. Conduct interviews and enter data - A sk the questions
7. Analyse the data - Produce the reports
The steps used in this research project are found to be consistent with Creative Research 
Systems (2002). Steps 1 to 5 are discussed in the following sections o f  this chapter while 
step 6 is covered in chapter 5. Various analysis, model and result o f  the initial survey have 
been discussed in consequent chapters 6, 7, 8 & 9. The issues addressed in this chapter 
include the following:
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® How the data collection strategy w as developed to ensure the practical elicitation o f  
m axim um  relevant information in the context o f  a developing country, Bangladesh
•  How the param eters o f  delays and cost overrun were identified
•  How a questionnaire was developed using the identified param eters
4.2 Establishing Goals
The first step o f  a survey is to decide w hat is intended to be achieved from it. The common 
goals o f  a survey determine who should be surveyed and w hat would be asked o f  them. 
W hen the goals are specifically stated, it is easier to get usable answers. The ultim ate goal o f 
the survey is to find out the im portant elem ents o f  risk, from tim e and cost overruns, 
involved in the high-rise projects in Bangladesh. Individual elem ents o f risk are not equally 
responsible for time and cost overruns. Therefore, it was necessary to determ ine the relative 
importance o f  risks and construct a model based on the perception o f  the respondents who 
are involved with the high-rise projects in Bangladesh. One o f  the main objectives o f  the 
survey was to maxim ise the inform ation that would be useful to build the model.
4.3 Sample Selection
Before discussing the sample it is necessary to define a few terms: population, population 
element, population frame, sample, subject and sampling. Population  refers to the entire 
group o f  people, organisations or things that the researcher wishes to investigate. An element 
is the single m em ber o f  the population. The population fram e  is listing o f  all the elem ents in 
the population from which the sam ple is to be drawn. A sample is a subset o f  the population 
com prising som e elem ents selected from the population. A subject is a single m em ber o f  the 
sample, the sm allest subset. Finally, sampling  is the process o f  selecting a sample 
com prising a sufficient num ber o f  elem ents o f  the population; so that by studying the 
subjects o f  the sample, the researcher would be able to generalise the properties, 
characteristics or views o f  the population. Sampling overcomes the difficulties o f  collecting 
data from the entire population, w hich could be impossible for various reasons like time, 
costs, other human resources etc.
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Poor sample design could constrain the application o f  appropriate statistical techniques and 
the generalisabilty o f  the Stevens (1992). Two issues should be considered during sam ple 
design: random ness and sample size. Random ness is associated with the true representation 
o f  the population o f  interest. Sample size is associated with the requirem ents o f  statistical 
procedures. I f  the right people are not interviewed, then it may not m eet the survey goal 
successfully. The precision o f a survey result very much depends on sample size. The larger 
the sam ple size, the more precisely it reflects the survey results. But, the rate o f 
im provem ent o f  precision may not be proportional to the increase o f  sample size. H air et. al.
(1995) suggested a sample size between 20 and 1000 observations. However, the sample 
size depends on availability o f  time, budget and degree o f  precision required o f  a survey. It 
m ight be necessary to sub-group the sam ple for precise reflection o f  the population.
In a construction project, people with mixed skills and experiences from a manual worker 
to the project m anager put their effort together to make the project successful. M ultitudes o f  
people from different trade sectors are engaged in a construction. For homogeneity, the 
population was put in four sub-groups under the categories o f  developers, consultants, 
project managers and contractors. These are the main categories o f  people involved in a 
typical construction project. Considering from the statistical point o f  view, it was decided 
that sample sizes o f  30 people for 30 different projects were to be made. It would target a 
total o f  120 respondents; viz. 4 categories @ 30 respondents per category on 30 different 
projects. Thirty projects were random ly selected and one respondent from each category 
was planned to be interviewed.
4.4 Mode of Survey
There are a variety o f  modes o f  survey for data collection. It is a vital decision for the 
researcher to choose the right mode to elicit proper information from respondents. The 
researcher m ust consider the research objectives, type o f  information needed, rate o f 
response, valid ity1 and reliability2 (bias), tim e and budget. Rossi, W right and Anderson
1 Extent to which a measure or set o f measures correctly represents the concept o f study -  the degree to which it is free from any 
systematic or non-random error.
2 Extent to which a variable or set o f  variables is consistent in what it intend to measure. It differs from validity in that it does not relate to 
what should be measured, but instead how it is measured.
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(1983) divided modes o f  survey as self-administered and interview-adm inistered, whereas 
Trochim (1999) did it as questionnaire and interview. A self-administered survey is a mail 
survey based on questionnaire w hile an interview-administered survey could be conducted 
in person or over the telephone. Recently, a new form o f  self-administered survey, which is 
web-based has appeared; here the researcher can send a questionnaire through e-mail or ask 
respondents to visit a website w here the questionnaire could be filled and returned 
electronically. This type o f  survey m inim ises cost compared to other m eans o f  distribution 
(Czaja and B lair 1996). However, potential problems could arise in sam pling and controlling 
o f  research environm ent (Bimbaum 1999). A web-based survey was not considered for this 
project presum ing respondents’ lack o f  access to Internet. Alreck and Settle (1985) 
compared various aspects o f  personal, telephone and mail surveys as shown in Table 4.1 
below:
T ab le  4.1: C om parison  o f  D a ta  Collection M ethod
Issues M ode
P ersona l T elephone M ail
Data collection costs High M edium Low
Data collection time required M edium Low High
Sample size o f  a given budget Small Medium Large
Data quantity per respondent High Medium Low
Reaches w idely dispersed sample No M aybe Yes
Reach special locations Yes M aybe N o
Interaction with respondents Yes Yes N o
Degree o f  interviewer bias High Medium N one
Severity o f  non-response bias Low Low High
Presentation o f  visual stimuli Yes No M ay be
Field w orker training required Yes Yes N o
Source: Alreck, P. L. and Settle, R. B. (1985); p.194
Though personal interview has m ore advantages over either mail survey or telephone 
survey, it could be biased by the view s o f  individual circumstances and unsuitable for wide
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spread sam ples due to expense. In this study, the idea o f  telephone interview  survey had 
been ruled out on cost grounds. The survey concentrated on the viability o f  personal 
interview survey or mail survey. Regarding validity and reliability o f  a survey there is 
always a possibility o f  bias in the data obtained through personal or telephone survey 
(Bryman and Burgess 1994). A ccording to Sapsford and Jupp (1996), this bias could happen 
from interview er’s lack o f  experience and integrity. In postal survey, the addressee may not 
always be the right person to respond. The respondent may also be unable to answer some 
questions, which could lead to him /her looking for someone else for the answ ers (Rossi, 
W right and Anderson 1983). This could also result in a kind o f  bias; which suggests that 
bias can feature in any form o f  survey. The other problem envisaged with postal 
questionnaires, and subsequently justified, was the use o f  English language as the medium 
for the questionnaire, which is not the native tongue o f  the respondents o f  this country. 
Some unavoidable technical terms in the questionnaire could convey am biguous meaning to 
the respondents. Due to his experience, the researcher had apprehended that academic 
knowledge and English proficiency o f  m ost o f  the construction sub-contractors m ight not be 
sufficient for them to complete the questionnaire sets by themselves, which could lead extra 
biases to the survey. A further problem  affecting the use o f  postal survey was the collection 
o f  an appropriate and an up-to-date set o f  respondents’ addresses. In spite o f  the available 
Internet facility, it is difficult to obtain the exact contact addresses o f  the com panies in 
Bangladesh as few organisations m aintain their own website.
From the researcher’s personal experience it had been speculated that data collection by 
interview could be cheaper and m ore reliable than mail survey in Bangladesh. According to 
Casley and Lury (1981), postal survey response rate is generally very low  in developing 
countries due to respondents’ lack o f  familiarity with the survey methodology. Therefore, 
the total num ber o f  mailed questionnaire sets including pre-paid return postage w ould have 
to be quite high to secure a target o f  120 responses from different type o f  respondents. 
Furthermore, the international postal system is, at best o f  tim es, subject to delays and 
unreliability that could not be estim ated in the present context. On the other hand, for 
conducting personal interviews the m ajor cost would be the return airfare as subsistence
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costs in Bangladesh are inexpensive compared to developed countries. A com parative cost 
estim ate was conducted and the principal features are outlined below:
•  T arg e ted  n u m b e r o f respond en ts : Total 120 = 4 categories@  30 respondents per 
category on 30 different projects.
•  E xpected  m ail survey  response: In developed countries response o f  mail survey can be 
up to 40%  o f  the total num ber o f  mail shots (Alreck and Settle 1985); Considering 
social, cultural and other param eters in Bangladesh it was speculated that the response 
rate could be between 10% -20%.
•  N u m b er o f m ails: Based on the speculated response rate it would have been necessary 
to send out between 600 (20%  response) to 1200 (10%  response) mails to secure a total 
o f  120 responses. As it had been mentioned earlier in this chapter, the m axim um  number 
o f  high-rise developm ent companies in Bangladesh was between 300 -  350. Therefore, 
150 - 300 projects would be required to be identified for sampling, which was a problem 
by mail survey.
•  M ailing  cost: Total m ailing cost could be between £2400 - £4800 @  £4/m ail (including 
prepaid return postage).
•  C ost o f  personal in terv iew  survey : It was estimated that total cost o f  personal 
interview survey including return airfare could be up to £1500, w hich w as significantly 
lower than the estimated mailing cost. The living and internal travel cost was estimated 
based on personal living experience in Bangladesh.
Considering all the various advantages and disadvantages o f  different modes o f  survey, the 
researcher decided to conduct the survey by personal interview, using a questionnaire. The 
researcher was then able to query if  he saw any am biguity in the answers so that he could 
ensure that the answers were genuine. This decision had the benefit o f  giving the researcher 
first-hand experience in the field and it was believed that the results would be more 
consistent. The actual total incurred cost o f  the survey was £1200.
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4 .5  Construction o f Questionnaire
A questionnaire is the bridge between interviewers and the respondents w hile the questions 
them selves are the vital elem ents, which perform the actual interrogation. Rossi, W right and 
Anderson (1983) treated a questionnaire as a set o f  instruments and stated that its success 
depended on how effectively the instruments could be handled. The accuracy and validity o f 
data collection depend on the questions asked and the way the respondents perceive and 
respond to them. Thus the construction o f  a questionnaire is a vital elem ent for such a study. 
The following important aspects should be considered in the construction o f  questionnaire 
(Forza 2002):
•  Define the way questions are asked to collect the information on a specific concept.
•  Decide the scale for the questions, where necessary, on which answ ers are placed.
•  Identify the appropriate respondents to each question.
•  Put together the questions in questionnaires that facilitate and m otivate the respondents.
In the following sub-sections the im portant aspects considered in the construction o f  
questionnaire have been discussed.
4.5.1 Identification of Questions/Risks
In construction industry, identification o f  risks is as important and difficult, as its control or 
m anagement. Raftery (1994) said that risk identification gets the least attention in the 
literature on risk. Hundreds o f  risks could appear in the life-cycle o f  a  construction project 
and it is impossible to identify all risks in a random manner. M any researchers use a formal 
system for identification o f  risks i.e. risk identification process (Kwakye 1997) and formal 
risk managem ent system (Chapm an and W ard 1997). M awdesley, A skey and O ’Reilly 
(1997) suggested that a formal system involves a rigorous analysis process rather than an 
intuitive approach, which helps researchers to focus on almost all risks, even on very m inor 
ones, which would otherwise be ignored in an informal system.
Risk identification process could be done either by interviewing/brain storming with the 
project participants/interested parties, by reviewing past corporate experience, reliance on
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appropriate risk analysts etc. The inclusion o f  identification o f  risks as part o f  the 
questionnaire for this project, by m eeting with prospective project participants involved in 
high-rise construction industry in Bangladesh, was ruled out on cost grounds. Hiring 
construction risk analysts who have experience with sim ilar projects and conditions would 
have been very expensive. Therefore, it was decided that a comprehensive survey o f  relevant 
literature from developing countries would be conducted prior to developm ent o f  the 
questionnaire. From the literature review  72 tim e-overrun and 22 cost-overrun risks were 
identified mainly from Saudi A rabia (Assaf, Al-Khalil and A l- H azm il995); N igeria 
(O kapala and Anikwu 1988) and (Elinwa and Buba 1993); Thailand (Ogunlana, 
Prom kuntong and Jearkjirm 1996); and Indonesia (Kaming, et al. 1997). Some additional 
risk elem ents were included from intuition and the researcher’s field experience in 
Bangladesh.
4.5.2 C om position  o f Q uestions
In construction o f  the questionnaire, the questions were composed and divided into two 
sections. Section A comprised dem ographic questions o f  general nature eliciting personal 
and organisational information o f  the potential respondents. The questions in section A 
were relevant only to the developer’s category.
Section B comprised project specific questions on the selected project, which started with 
some dem ographic questions and were followed by questions based on identified risks on 
tim e and cost overruns (Tables 4.1 & 4.2) o f  that specific project. A lreck and Settle (1985) 
suggested that large num ber o f  questions should be grouped into sections or sub-sections as 
it sim plifies the task o f  asking the questions, and respondents also feel com fortable with 
them. D ue to the large num ber o f  delay risks identified, the questions were categorised 
according to phases (Okapala and Anikwu 1988, & Adams and Bam dt 1988) and sources 
(Chapm an and Ward 1997). The stages considered were A) incep tion ; B) p lan n in g  an d  
design; C ) construction ; an d  D) tra n s fe r . Again, due to the large num ber o f  risks in the 
planning and design phase they were sub-divided into two categories based on sources; 
nam ely planning and design related risks and bureaucratic risks. The risks in construction 
phase were sub-divided into eight categories based on sources: nam ely m aterial, manpower,
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T ab le  4.2: Source o f T im e O v e rru n s
Sources R isks
A. Incep tion Planning; surveying; land acquisition; and change o f  planning.
B. P lan n in g  & 
Design
Delayed soil investigation; developers’/ clients’ decision making
Planning
&
Design
p i U C C b b ,  l i l b U l l l L ' l C U l  L /U I I l l I lU I l lC c lL lU I l  U C IW C C II  U 1C  U Y V llC I^ o y  d l l U  111C
consultant(s); delayed com pletion o f planning and design; change o f  
planning & design by client; and financing by client to planner & 
designer.
Bureaucracy Obtaining perm ission for planning and design; gas; water; electricity; road cutting from concerned authorities; and excessive bureaucracy.
C. C onstruction
M aterial
Slow delivery; shortage; damage; changes in types and specifications; 
delay due to quality; price escalation; import; and delay in the 
production o f  special m anufacture o f  building materials.
M anpow er Shortage; skill; and productivity.
Equipm ent Slow delivery; shortage; failure; productivity; and unskilled operators. 
Financing by contractors; delays in contractors' progress payment by
Financing clients; cash flow problem ; non or delayed paym ents o f  instalments by 
customers; and bad debts.
Changes
Design changes by owners or their agents; design errors made by 
designer; change o f  contractor(s), sub-contractor(s) or engineer(s); 
construction errors; unpredictable site (geological; w ater table etc.) 
conditions; and m istakes in soil investigation.
Scheduling & 
Controlling
Preparation and approval o f  site/shop drawings; w aiting for sample 
material approval; planning and scheduling deficiencies; lack o f  training 
personnel m anagem ent support to model the construction operations; 
lack o f  data base in estim ating activity duration and resources; judgem er 
and experience o f  the estim ator in estimating tim e and resources; 
inspection and testing procedure used in the project; accidents; type o f  
contract used; application o f  quality control; and inadequate early 
planning o f  the project.
Social & 
Environmental
Bad weather; insufficient utilities available on construction site; social 
and cultural factors; strike/disruption; and unpredictable or catastrophic 
events.
Contractual
Relationship
Uncooperative developer; jo in t ownership o f  the project; slowness o f 
the developers’ decision making process; poor organisation o f  the 
contractor or consultant; the relationship betw een subcontractors' 
schedules in the execution o f  the projects; conflict between 
contractor(s) and consultant(s); difficulty o f  co-ordination between 
various parties w orking on the project; legal disputes between various 
parties in the construction project; controlling sub-contractors by 
general contractors in the execution o f  work; unavailability o f  financial 
incentives for contractor to finish ahead o f  schedule; negotiation and 
obtaining contracts; and unavailability o f  professional construction 
managem ent expertise.
D. T ra n s fe r
Non-com plaints o f  financial obligations by custom ers; default by 
contractors; and default by developers/clients.
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equipm ent, financing, changes, scheduling and control, social and environm ental issues and 
contractual relationship.
Risks regarding cost overruns were not sub-grouped due to their small num ber as compared 
to tim e overruns, as seen in Table 4.3. Additional spaces were kept in each phase or source 
with a view  to new risks being identified during the interviews. Section-B began with some 
questions relevant to the specific project (like project area, plinth area, num ber o f  storey, 
project start and finish date), which were only asked to the developers as they were in the 
best position to know the accurate answers.
T ab le  4.3: S ource o f  C ost O v e rru n s
Seria l No. R isks
1 Inflation
2 Price fluctuation o f  materials
3 Fixed overhead cost from delays
4 Fraudulent practices and Kickbacks
5 Shortening o f  contract period
6 Errors in estim ating
7 Insurance
8 Pilfering o f  m aterials
9 Dam age o f  m aterials
10 W astage o f  m aterials
11 Labour cost increase
12 Unavailability o f  labour
13 Bureaucracy
14 Poor financial control on site
15 Disputes on site
16 Effects o f  w eather
17 Litigation
18 Fluctuation o f  transportation cost
19 Frequent design changes
20 Absence o f  construction cost data
21 Im proper planning
22 Slowness o f  owners decision making
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4.5.3 Questionnaire Form at
Q uestion types in a questionnaire could be structured (fixed response) or unstructured (free 
response). In structured questions, respondents are presented with a num ber o f  alternative 
responses to a question and asked to m ark one answer they feel is the m ost appropriate. 
Structured formats are easier for the respondents to answer and they help the researcher to 
collect and summarise the responses more easily and efficiently. However, this format could 
constrain the respondent, and also could hinder the researcher’s ability to understand what 
the respondents really m eant (Converse and Presser 1986). In an unstructured format, the 
respondents are free to answer in their own way, as questions are not accom panied by pre­
form atted answers. In unstructured formats, responses are seldom in the way the researcher 
expects and therefore it is often difficult to deal with data obtained through a large num ber 
o f  unstructured questions (Schum an and Presser 1996). In a structured survey, the data 
obtained from different respondents can be comparable, whereas in a survey using 
unstructured questions it w ould not be possible to compare the questions from various 
individuals unless the researcher transfers it to a structured format. The structured 
questionnaire is less tim e-consum ing for respondents and therefore, it is likely to attract a 
higher response rate. Also, it has the benefit o f  taking less tim e to input data during data 
processing. But the com position o f  a structured questionnaire requires m ore tim e and 
attention at the beginning; this is its greatest draw  back. In this study, the questionnaire was 
m ainly structured with some space provided for respondents to record individual comments 
against each question, if  they so wished.
4.5.4 Wording
D esigning questionnaires is an exercise in cross-communication, since w ords often have a 
special m eaning to some people. The key to a good survey is not only to elicit the 
inform ation needed for a research, but also to understand what the respondents mean when 
they respond. In formulating the questions, it is necessary to ensure that the language o f  the 
questionnaire is consistent with the respondents’ level o f  understanding. Responses could be 
biased if  questions are not understood or interpreted differently by respondents, (Forza 
2002). Structured questions facilitate quick decisions and easy inform ation coding, but
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som ehow it is necessary to make the respondents understand that the answ ers are mutually 
exclusive and collectively exhaustive, Horst (1968). The wording o f  questions should be 
arranged in such a way that the respondents do not mechanically opt for the points towards 
one end o f  the scale (Oppenheim 1992).
During formulation o f  questionnaire the following types o f  questions should be avoided 
(Alreck and Settle 1985; Janes 1999; Forza 2002):
•  Questions that are not clear, am biguous and lack precision
•  Double barrelled questions (i.e. questions that have different answers to its subpart)
•  Leading questions (i.e. questions phrased in a w ay that could lead the respondents to 
give responses that the researcher would like to or m ay come across as w anting to, 
elicit)
•  Loaded questions (i.e. questions phrased in an emotionally charged m anner)
•  Questions worded to elicit socially desirable responses
•  Questions that are too long
4.5.5 Scaling
Scaling is an inherent part o f  structured questions as it enables to measure the 
‘im m easurable’ answers. Scaling is the branch o f  m easurem ent that involves the 
construction o f  an instrument that associates qualitative constructs with quantitative metric 
units (A lreck and Settle 1985; and Trochim 1999). In most scaling, the objects are text 
statements, usually statements o f  attitude or belief. Generally num bers are used to convert 
the statements into scaled responses. The scale choice depends on the ease with which 
respondents could answer and the subsequent analysis could be done. An odd numbered 
interval scale (likert or verbal frequency) is preferable as it has got a m id-point (Chan and 
Kum araswam y 1997; and Tum m alla, et al. 1997) rather than an even num bered scale 
(Kaming, et al. 1997). A too long- or short-ranged scale is also best avoided, as sometimes it 
could be confusing to respondents. In the current study, a traditional 5-point interval scale o f 
5 to 1 from ‘the most im portant’ to ‘the least im portant’ was used. A colum n for tim e
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overruns in days for the risk relevant to tim e overruns and similar colum n for cost overrun 
risks in Tk. in thousand were provided.
4.5.6 Respondents Identification
Due to the functional specialisation and hierarchical level in the construction industry, 
different categories o f  people will not be equally knowledgeable about different types o f 
facts. Increasing the num ber o f  respondents undoubtedly increases the probability o f getting 
more com plete data; but if  they do not have appropriate knowledge o f  the facts, the results 
may be less valid and the possibility o f  biased error increases. Respondents should not be 
asked questions that they do not know  or unable to answer. It m ight irritate or embarrass the 
respondents. Considering this issue for this research, appropriate questions were asked to the 
relevant respondents. For example, during the design o f  the questionnaire it was considered 
that dem ographic and cost related questions on selected projects in Section B would be 
asked only to the developers’ category o f  respondents. Also, other categories o f  respondents 
m ight not be in appropriate positions to access best knowledge on questions related to cost 
overruns.
4.5.7 Rules of Questionnaire Design
Once the questions have developed and their associations to respondents have been 
established, the researcher can put the questions together in the questionnaire (Converse and 
P ressed  986). Some basic rules o f  courtesy such as presentability, readability, are key 
elem ents to successful data collection. An attractive and neat questionnaire with proper 
introductions, instructions, and a well-arrayed set o f  questions make it easier for respondents 
to answ er the questions. Questionnaire starting with demographic questions could be helpful 
to establish a rapport between interviewer and interviewee during the interview. Therefore, 
this was followed during the construction o f  the questionnaire.
53
4.6 Pilot Test
Once the questionnaires are ready, the protocol to be followed in adm inistering the 
questionnaires has been established and identifying the sampling unites are done, the last 
step is to test the questionnaire w ith a small num ber o f  interviewees before conducting the 
actual survey. This is to ensure the suitability o f  questionnaire design and accom panying 
docum entation. Pilot test should be done by subm itting the final questionnaire to three types 
o f  people: colleagues, industry experts and target respondents (A lreck and Settle 1985; 
Forza 2002). I f  there is any change in questions or format after the pilot survey, the pre-test 
and post-test results should not be combined. The role o f  colleagues is to test whether the 
questionnaire accompanies the study objectives, the industry people ensure the inclusion o f 
the necessary questions that m ight reveal avoidable ignorance o f  the researcher in specific 
area and the target respondents is to provide feedback everything that can affect answering 
(A lreck and Settle 1985; D illman 2000). The questionnaire was designed and developed 
under the supervision o f  a team com prising the researcher and three other academics with 
background in civil engineering, construction managem ent and statistics respectively. The 
questionnaire was also shown to some other researchers and academ ics involved in 
construction related research. Furtherm ore, soft copies o f  the questionnaire set were sent to 
some experts working in high-rise construction industry in Bangladesh. The supervisory 
team , colleagues and industry experts gave significant suggestions, which were considered 
carefully, and necessary am endm ents were done in the questionnaire before it was tested on 
target respondents. The suggestions were m ainly in the following aspects:
•  The clarity o f  necessity o f  the survey
•  The clarity o f  instructions o f  the survey
•  The clarity o f  appropriateness o f  the questions
•  The clarity o f  w ording o f  questions
•  The clarity in understanding, to provide answers to the questions imposed
•  The effectiveness o f  the plan o f  adm inistration procedure o f  the survey
Due to difference in geographical locations, it was not possible to do a pilot test among 
target respondents during the tim e o f  preparation o f  the questionnaire. Therefore, after
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arriving in Bangladesh for conducting the actual survey, a pilot survey was carried out 
among target populations com prising two respondents per category. The respondents were 
approached, introduced and asked the questions by the researcher as if  they w ere part o f the 
planned survey. The researcher observed respondents’ chemistry during interview and 
identified significant feedback in the following aspects:
•  N ecessity o f  qualitative explanations o f  qualitative answers o f  certain questions
•  D ifferences in the content o f  answers from w hat has been expected
o Appropriateness o f  asking certain questions to particular category o f  respondents (for 
example, a question could be meaningful for developers’ category, but not for 
contractors).
4.7 Reaction of the Respondents and Amended Questionnaire
For the purposes o f  this research a high-rise building was considered to be six-storied and 
upwards because o f  the prevailing regulations in Dhaka, where in some residential areas 
buildings with more than six-storeys are not permitted. A considerable num ber o f  such 
buildings were being constructed. Earlier, it was intended to seek inform ation on cost 
overruns from all respondents, but it was found that none except the developers knew actual 
cost and cost overruns on a project. It was therefore decided that only the developers o f the 
specific project would be asked the cost overrun questions. The ‘frequency’ from both time 
and cost overrun columns were deleted because when the respondents answered time and 
cost overrun variables, they also considered the frequency with importance. During the 
design o f  questionnaire it was intended to ask all respondents about delays in days for 
respective variables. During the pilot survey it was found that respondents o f  developers’ 
category are in the best position to give m ost appropriate information about delays in days. 
Therefore, it was decided to ask delays in days to the respondents o f  develops’ category 
only.
All questions were asked to developers, while, other categories o f  respondents were asked 
only the questions relevant to them. It was presum ed that almost all dem ographic questions 
o f  Section A and Section B m ight not be relevant to respondents o f  project m anagers’
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category; because, project managers w ork for the developing organisations. This was proved 
during the interview. Questions o f  Section A o f  the set were not relevant to the respondents 
o f  consultant and contractor’s categories, who work as individuals. The answers o f  the 
project specific demographic questions o f  Section B were unique. Therefore, those questions 
were asked to the respondents o f  developer’s category to avoid confusion, because they were 
in best position to answer those questions. Respondents o f  project m anagers and contractors’ 
categories were mostly not involved during inception and planning & design stages o f  a 
specific project. Therefore, those respondents were not asked the questions regarding time 
overruns o f  the two phases. It was also found that respondents other than developers’ 
category may not have the best knowledge to answer delays in days and it was decided to 
ask this question to developers’ category only. Similarly, questions regarding cost overruns 
were asked to respondents o f  developers’ category only.
Significant num ber o f  respondents, especially from developers’ category, felt the 
questionnaire set was to long. Since, for geographical reason it was not possible to go back 
to respondents for any m issing information, the questionnaire set was necessarily elaborate 
so as to include extra information that could be necessary during data analysis. Regarding 
questions num bered 4 & 5 in Section A, respondents found difficulties to find the exact 
num ber o f  project in the right category o f  table.
M any respondents, especially the contractors’ category, were not fam iliar with such survey; 
therefore, an explanation o f  m any term s and the purpose and operation o f  the linear scale 
was required. A good num ber o f  respondents, especially developers and consultants’ 
category, were interested to know how the collected data would be analysed. Some o f  them 
also asked for a summary o f  the analysis once it was complete.
4.8 S um m ary
The validity, reliability and success o f  a survey prim arily depend on the design o f  the 
questionnaire. Clearly, there w ere m any issues to be considered during the design o f  the 
questionnaire. This chapter described the developm ent o f  a data collection strategy to ensure
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the elicitation o f  maximum relevant information in the context o f  Bangladesh. This chapter 
also described the identification o f  param eters related to delays and costs. Then a 
questionnaire set was developed using the identified parameters, which needed little 
modification after a pilot test. A final version o f  questionnaire set and the covering letter 
have been attached in Appendix 1. The experience o f  conducting the survey, using the 
questionnaire set, has been described in the following chapter.
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Chapter 5 
FIRST SURVEY 
DATA COLLECTION
5.1 Introduction
Historically, personal interview is the m ost com m on method o f  data collection for a survey. 
It requires an interviewer, and the success o f  a survey depends m ainly on the perform ance o f 
the interviewer regardless o f  how much care has been taken in designing the questionnaire 
and sampling. An interviewer should be well versed in general procedures o f  a  personal 
interview, the purposes o f  a specific survey and objectives o f  each question. A meaningful 
personal interview for research purposes requires very astute handling by interviewer, to 
circum vent many unforeseen problems. A ttention m ust also be given to aspects such as the 
personal chemistry with the interviewee, clear communication, tim ing and location o f 
interview etc.
This chapter addresses the following aspects:
•  Collecting the addresses o f  the interviewees
•  Experiencing the initial approach to interviewees
•  Conducting the interviews
•  Developing the guidelines for conducting sim ilar surveys in Bangladesh
5.2 Sampling
Sampling is the technique by which survey researchers choose respondents. M any sampling 
techniques are available, which could be used to generate samples that are representative o f 
a  population. Appropriateness o f  individual sam pling technique depends on the purpose o f 
the survey and the target population. The purpose and the population o f  the survey have 
already been discussed in the previous chapter (Section 4.3). Persons who are engaged in 
high-rise projects in Bangladesh had been targeted as population. For the clarity o f  this study 
the population had been sub-sampled into four categories such as developers, consultants,
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project managers and contractors. It was necessary to determine the sam pling frame -  the 
list from which the sample w ould have to be drawn. It had been intended that 30 successful 
interviews from each category o f  respondents, w ill be conducted. Strategically, it had been 
planned that systematic sampling selection procedure com mencing with organisations will 
be followed. During the period o f  survey one project was selected from each developer’s 
organisation, which had been com pleted or nearly completed in the last 5 years. Then it was 
the strategy to interview respondents o f  each kind o f  sub-sampled category, for the selected 
project.
It had been difficult to make a sam pling frame due to a lack o f  available database. At the 
beginning o f  the research project, it was estim ated that there were approxim ately 300 to 350 
apartm ent developers in Dhaka. REH A B 1 is the only organisation, which keeps information 
on high-rise developers, and which had 49 registered members by 1st October, 1997. It is not 
com pulsory to be a registered m em ber o f  REHAB to do business in this sector. In addition 
to the REHAB members, a large num ber o f  developers are engaged in developing high-rise 
buildings commercially. Some o f them  had experience o f  com pleting several projects 
successfully and remained in business. M any others were developing high-rise projects on 
their own land, on an experimental basis. During the pilot survey the researcher got an 
impression that the average profile o f  REHAB organisations could be better than the other 
category. It was estimated that altogether there could be approxim ately 300 apartment 
developers in Dhaka during the survey. Addresses o f  REHAB organisations and many non- 
REHAB organisations were collected from the REHAB official database. Addresses o f  some 
non-REHAB organisations were collected from advertisements in newspapers or magazines 
and other reliable sources. In the sam pling tim e frame, two hundred addresses were 
collected (49 REHAB and 151 non-REHAB organisations). To keep homogeneity between 
REHAB and non-REHAB organisations, fifteen organisations from each category were 
chosen. Each category sample was made som ewhat larger assum ing that som e developers 
m ight not be interested in providing data. Based on the average response rate o f  interview 
survey, it was speculated that all the sampled organisations m ight not agree to take part in 
the survey. Considering the profile o f  both categories o f  organisations, it was also presumed
1 REHAB (Real Estate and Housing Associations, Bangladesh)
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that the response rate from REHAB m em ber organisations will be higher than the other 
category. Hence, it was planned that 30 REHAB and 35 non-REHAB organisations from 49 
REHAB and 151 non-REHAB populations respectively, will be surveyed. Details o f 
sam pling statistics have been given in Table 5.1.
T ab le  5.1: Sam pling  S tatistics
T ype o f developers T o ta l Sam pled C on tacted Surveyed
REHAB developers 49 30 26 15
Non-REHAB developers 151 35 28 15
Each category o f  organisation was arranged in alphabetic order and a serial num ber was 
assigned separately for respective categories. The specified num ber o f  organisations was 
sampled from each category. The organisations were contacted according to the acceding 
serial number. For the REHAB category developers, the target o f  15 sets was obtained after 
initially contacting 26 sampled organisations. Due to various reasons, eleven organisations 
did not take part in the survey from this category. Three organisations were not interested in 
participating in the interview due to unspecified reasons; two organisations claim ed to have 
no com pleted projects that incurred tim e or cost overruns (a claim that was very doubtful); 
two organisations were engaged in land developm ent and sale of plots only; and two 
organisations were fairly new and could not fulfil project selection criteria to take part in the 
survey; tw o organisations were interested in participating but could not give specific 
interview tim e and advised the interviewer to stay in touch to get interview  schedule.
The researcher needed to contact 28 organisations to secure targeted 15 sets o f  data from 
non-REHAB category. The non-REHAB organisations that could not take part in the 
interview gave reasons similar as the REHAB category. Eight organisations were newly 
formed and did not have any project, which could be selected for data collection; three 
organisations were not interested to take part in the survey; and two organisations gave no 
specific schedule for interview and advised to contact at a later date.
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5.3 Selection o f Interviewers
The presence o f  an interviewer increases the cooperation and m akes it possible for 
respondents to get immediate clarifications o f  queries and questions in the questionnaire. 
But, the interviewer m ight encounter a num ber o f  problem s before and during the interview. 
The m ain requirement o f  a good interviewer is an ability to approach respondents in person 
and persuade them to participate in the survey. Once respondents’ cooperation is acquired, 
the interviewer m ust maintain it throughout the interview. An interview er should be 
knowledgeable o f  the general procedures o f  a personal interview survey, the purposes o f  a 
specific survey and the objective o f  each question. To assure the quality o f  data collected, 
interviewer should be given proper training with emphasis on how to m ake initial contacts; 
how to conduct interview in a professional manner; and how to avoid influenced and biased 
responses.
Initially, it was planned that the interviews for the survey will be conducted by the 
researcher himself, in order to maintain consistency. However, in order to deal with a large 
sam ple o f  respondents, the researcher had to hire two qualified interviewers to support him. 
The interviewers were pursuing masters in urban and rural planning (M URP) at a local 
university. They had previous experience in conducting similar type o f  survey. They were 
given necessary guidance and instructions by the researcher.
5.4 Initial Contacts
It w as anticipated, at the planning stage, that the process o f  data collection via the 
questionnaire survey would be a tim e-consum ing, exhausting and som etim es frustrating 
experience; this proved to be the case. In order to observe proper protocol, the researcher 
attem pted to seek appointm ent with the m anaging director and obtain data from the 
developer category and for the access to other parties. Due to unavailability o f  other suitable 
staff, a limited number o f  m anaging directors responded themselves; in the rest o f  the cases 
the questionnaires were handed down to other appropriate staff; m ainly to the marketing 
and/or accounting division. In m ost cases securing an interview was very tim e consuming,
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the w orst case being the one where eleven visits were made in a span o f  60 days to secure an 
interview.
The respondents o f  the developer category were asked to select a  project, which had been 
com pleted in the last five years, or nearly finished in terms o f  data required for the survey. 
The respondents o f  the developer category were asked to consider m axim um  availability o f 
other category o f respondents, w ho were engaged in the selected project. Once the 
interviews with developer category on a project were completed, addresses o f the 
consultants and project managers who were engaged with that specific project were obtained 
and approached for interview. A ltogether 110 interviews from different categories o f 
respondents were carried out, which are shown in the Table 5.2.
In the consultants’ category, 17 were architects and 12 were engineers; in-house consultant 
architects or structural engineers were easily accessed for interviewing. It was found that the 
same consultant or design engineer was appointed for different projects with different 
developers. In these cases, they were interviewed using separate sets o f  questionnaire for 
different projects.
The greatest problems arose with the sub-contractors and some project m anagers, who were 
no longer working with the original developer. Verbal information from laymen, sub­
contractors, project m anager or other sources did help a lot to obtain their contact addresses 
or phone numbers. However, in some cases the respective developer’s head office declined 
to furnish the addresses o f  employees who had left them. In one case, an officer from the 
developer’s office explained that their project m anager or sub-contractors were not allowed 
to give interview. Altogether 24 project m anagers were interviewed out o f  which 23 were 
civil engineers and one an electrical engineer. It was noticed that the project managers were 
m ost spontaneous to give interviews during the first visit, and their co-operation in arranging 
interviews with other categories, especially with the contractors was appreciated.
In m ost projects it was found that sub-contractors mainly carried out the w ork and there 
were no general contractors. Am ong the sub-contractors, 19 w ere from civil engineering,
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four from plumbing, two from electrical, one from painting and one from carpentry 
background. .It was noticed that few sub-contractors were not so npontaneous in giving 
interviews; the reason could be that i f  they revealed any tim e-overrun inform ation then they 
m ight be deprived from getting sub-contracts from subsequent projects o f  the respective 
developers. It was very interesting to note from a particular civil engineering sub-contractor 
that there was no time overrun on his project. This was because the developer did not 
impose any deadline in the contract for completion o f  his part o f  work. Probably that 
particular sub-contractor com mented, as an excuse not to take part in the survey.
T ab le  5.2: S tatis tica l D etails o f In terv iew ees
T ype o f in terview ees A ctual no. T a rg e t no.
D eveloper
M anaging D irector 7
30 30M arketing officer/m anager 21
Accountant/ accounts officer 2
C o n su ltan t
Architectural Designer 17
29 30
Structural designer 12
P ro je c t
M an a g e r
Civil engineer 23
24 30
Electrical engineer 1
S u b -co n trac to r
Civil 19
27 30
Plum ber 4
Electrical 2
Painter 1
Carpenter 1
T o ta l 110 120
5.5 In te rv iew  an d  E xperience T h e re o f
At the beginning o f  an interview process, the interviewer introduced him showing his 
identity. The questionnaire set w as accom panied by a covering letter describing credentials 
and confidentiality o f the survey. Two other letters, one from the D irector o f  Studies and 
another one from the local adviser was also produced. The local adviser is a well-known
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civil engineering professor in Bangladesh, who has good reputation in the local construction 
industry. This letter made access to the respondents easier, especially in the developer’s 
category.
In Bangladesh people are not very used to the survey culture. A t the beginning many o f  the 
respondents, especially from the contractor’s category, were fearful when they were 
approached for interview. The interviewer had to explain how they were selected for 
interview. After initial suspicion and reluctance, the interviewees becam e more cooperative 
when they became fam iliar w ith the objectives o f  the survey. M any project m anagers and 
contractors became very cooperative, as they believed that it was necessary to establish the 
actual responsibilities o f  all parties with respect to tim e and cost overruns; this was because 
they also felt that the developers laid the blam e on them for such occurrences. They also 
genuinely believed that the result o f  such a survey will ultimately benefit the industry. In 
very limited occasions, the interviewer could not encourage respondents to participate in the 
survey, because they were fearful. Any further explanations and assurances did not work.
The participation o f respondents in surveys is voluntary and requires an understanding o f  the 
purpose o f  research. People will invariably have other work com m itm ents and the 
interviewers m ay encounter situations where respondents were unable to give interview at 
that time. In many occasions this happened during the survey. N orm ally, the questionnaire 
set was left with the interviewee and the interviewer made visits later to conduct the 
interview. In a few cases, the interview was taken readily with the respondents’ agreem ent 
(this w as mostly with project m anagers). The interviewer asked the questions using the same 
w ords and sequences as in the questionnaire to maintain consistency. A t the time o f  
interview, interviewees also referred to duplicate set o f  the questionnaire and if  they had any 
confusion about any question, the interviewer interpreted it for them. N orm ally answers 
were recorded on the questionnaire, by the interviewer, as it saved interview time.
Respondents’ comments were recorded in blank spaces. Occasionally, mini tape recorders 
were used for comments with the perm ission o f  respondents when they had a lack o f  tim e to 
write their comments. Usually the respondent’s comment was edited or transcribed later,
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while the experience still fresh in m ind. The primary purpose o f  an interview is to measure 
the respondents’ attitude; therefore, the interviewer simply asked the questions without 
expressing their own opinion to the respondents. Expressions o f  interview er’s own attitude 
could influence respondents’ answer and ultim ately compromise the validity o f  the survey. 
Respondents were reluctant to talk about controversial matters. The interviewers attempted 
to build a  rapport where respondents found the experience pleasurable and comfortable. 
This conducive environment was built by expressing appreciation for each answ er and by 
allowing the interviewee to talk in their own way. Importance was given to make 
respondents understand that there w ere no right or wrong answers.
Probing is necessary with incomplete questions to get clear, com plete and relevant answers. 
The m ost common answer that requires probing is “I do not know ”, which could have so 
many possible meanings (W eisberg, Kronsnick and Bowen 1996). In open-ended questions, 
it could mean that the person never thought about the question and had absolutely no 
answer. A t the opposite extreme, it could simply be that the respondent requires thinking for 
a m om ent before giving the answer. Regarding response to a close-ended question it could 
mean that the respondent knew how he or she thought about the issue, but was not sure o f 
choosing the best fitted answer. It w as also necessary to keep in m ind that persistence could 
jeopardise the rapport for the rest o f  the interview.
M em bers o f  an elite group may not be likely to accept question that are not directly tailored 
to them and some exceptions could be necessary during interviewing the elite (W eisberg, 
K ronsnick and Bowen 1996). To m inim ise this problem , the interviewer perform ed enough 
rehearsal to m emorise the questions and ask them, whatever the order o f  conversation 
followed. The elite interviewees m ight have found it discourteous for the interviewer to 
write dow n answers during interview; because that could distract and take away the flow o f 
the interview. To overcome this problem , key phrases were noted down and mini tape 
recorder was used.
Traffic jam s were found to be an endem ic problem in Dhaka city. To overcom e this problem 
a m otorbike was used for travelling, by the interviewer.
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As anticipated, the task o f  data collection was very difficult for various reasons, not to 
mention the inclement weather. The main difficulty was the non-availability o f  a proper 
archive o f  the nam es and addresses o f  the developers, and also the developers' reluctance to 
furnish addresses o f  project managers and sub-contractors who had left them. It is necessary 
to archive the addresses and relevant information o f  the developers engaged in real estate 
businesses in Bangladesh. However, the num ber o f  registered REHAB members is 
increasing and becam e 201 by October 2005 (REHAB 2006).
A fter the initial suspicion and reluctance, interviewees became more co-operative when they 
became fam iliar with the objectives o f  the survey, as explained by the researcher. The 
project m anagers and some sub-contractors became very co-operative as they believed that it 
was necessary to establish the actual responsibilities o f  the various parties so far as cost and 
tim e overrun w ere concerned, because they felt that the developers always laid the blame on 
them for such occurrences. They also genuinely believed that the results o f  such a survey 
will ultimately benefit the industry.
In all cases tim e was at a premium and interviews had to be as fast as possible. The pilot 
survey was very useful in that it showed how the actual survey could be conducted 
efficiently and also to establish the suitability o f  the questionnaire.
The use o f  a  m ini-tape recorder was very helpful, both from a practical view point and in 
encouraging co-operation from the interviewees, especially in case o f  the respondents o f 
developers’ category who are very busy. However, the researcher will not recom m end this 
mode to be the sole instrument for interview as it creates considerable w ork for the 
interviewer.
The assistance o f  M URP students, in the interview process, was found to be very useful and 
cost effective, and this also helped to com plete the survey within the tim e allocated.
5.6 Sum mary
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Chapter 6 
FIRST SURVEY 
DATA ANALYSIS: SECTION 1 
PRELIMINARY ANALYSIS
6.1 Introduction
The data analysis o f  the initial survey has been segm ented into three sections as ‘D ata 
A nalysis: Section 1’ [Chapter 6], ‘D ata  A nalysis: Section 2 ’ [C hapter 7] and ‘D ata 
A nalysis: Section 3 ’ [Chapter 8]. Section 1 considers the  prelim inary analysis; it 
outlines the w ays in w hich the variables can be prepared for analysis and the first step as 
to how  one should proceed w ith the data. Section 2 presents the application o f  statistical 
techniques to reduce the num ber o f  variables and finding inter-stage links based on the 
result o f  analysis in Section 1. Section 3 is about the developm ent and validation  o f  a 
regression m odel based on the resu lts o f  analysis in Sections 1 and 2. This chapter 
considers Section l w hile Sections 2 and 3 have been described in chapter 7 and chapter 
8 respectively.
The follow ing objectives are addressed  in  this chapter:
•  P reparation o f  data for analysis
•  A nalysis and ranking o f  variables o f  dem ographic questions
•  A nalysis and ranking o f  T im e O verrun V ariables (TOV)
•  A nalysis and ranking o f  C ost O verrun V ariables (CO V )
The prelim inary results indicated that: cash flow , planning & scheduling and design 
changes are the m ost im portant variables causing tim e overruns. The analysis show ed a 
h igh degree o f  agreem ent am ong the rank-order o f  TO V  as perceived by the four 
categories o f  respondents. The cost overruns are found to be fairly  low  com pared to 
tim e overruns. How ever, the im portant COV w ere found to  be inflation and m aterial 
price fluctuations.
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6.2 D ata A nalysis
It is necessary, w here responses are collected  in  term s o f  a  linear scale, to  find out the 
relative im portance o f  contribution o f  a  variable to a  certain issue. R anking o f  variables 
is the m ost com m on technique to find out the relative im portance o f  variables, based on 
the response scale attributed by the respondents. R esearchers have used different 
term inology for the m ethods o f  ranking o f  variables, such as severity  index (Idrus and 
N ew m an 2002); im portance score (A rditi, A kan and G urdam ar 1985); im portance index 
(M ezher and Taw il 1998) and m ean criticality  index (W ang, D ulaim i and A guria 2004). 
R elative Im portance Index (RII) w as used to determ ine relative im portance o f  the 
variables and consequently rank them . RII is the arithm etic m ean o f  value o f  scale, 
w hich had been com puted using the follow ing Equation 6.1 :
Y N i S i
R elative Im portance Index (RII) =  ........ .....................................................(Equation 6.1)
W here; RII =  R elative Im portance Index;
N i =  N um ber o f  responses on respective scale; and 
Si =  R espective scale ( 1 ,2 , . . . ,  5)
The variables have been ranked based  on  RII values in descending order o f  im portance
i.e. the h igher the RII the m ore im portant the variable. Percentage o f  respondents 
scoring up to a  certain  level o f  scale, as used by Chan & K um arasw am y (1997), w as 
used to avoid problem s w ith the variables having the sam e RII. A s a five-point linear 
scale w as used, the value o f  RII could  range from  1 (lowest) to 5 (highest). The analysis 
o f  the survey had been carried out in  three parts: dem ographic questions, TO V  and
cov.
6.3 Demographic Questions
D em ographic questions relate to the  profiles o f  sam pled organisations, projects and 
respondents o f  the survey. Im portant aspects nam ely, duration (tim e taken  to  interview ), 
em ployee (em ploym ent profile), usage o f  com puters, project location, type o f  contract 
etc are described in  the follow ing sub-sections. Often, data  m igh t not be collected  in 
precisely  the form  required for a  research and few  questions/variables could  be found 
irrelevant to the research (V aus 1996). Indeed, it has been m entioned in chapter 4
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(section 4.7) that respondents found difficulties in  finding the exact num ber o f  projects 
in the right category o f  table for the questions num bered 4 &  5 in  Section A  (A ppendix
1). H ow ever, the data in  questions (num bered 4 & 5) w as found irrelevant at the 
prelim inary analysis for the current research.
6.3.1 Time to Interview
The interview  o f  the respondents took  eight days on an average. This w as counting the 
day o f  first contact and the day o f  interview ; by individual category there w ere 8 days, 4 
days, 14 days and 6 days respectively for consultants, contractors, developers and 
project m anagers. O n one occasion, a  developer took tw o m onths to  be interview ed. 
D uring the survey the researcher perceived tha t project m anagers and contractors w ere 
interested in responding. This w as largely because these tw o groups believed that 
developers and consultants traditionally  blam ed them  for tim e and cost overruns. In a 
few  cases contractors w ere in itially  reluctant to take part in the in terview  survey, 
because they had low  academ ic background and were no t used to taking part in 
interview s. Q uite understandably, they feared losing contracts i f  they  took  part in the 
interview  survey. H ow ever, after being advised on the objectives, benefits and 
confidentiality o f  the survey, they becam e quite enthusiastic to take part.
6.3.2 Experience
The average experience o f  all respondents w as 10 years. B y individual category o f  
respondents, there w as experience o f  7 years, 10 years, 8 years and 16 years 
respectively for developers, consultants, project m anagers and contractors. Project 
m anagers’ experience w as least d ispersed w ith  a  standard dev iation1 (STD EV ) o f  4.42 
w hile consultants’ experiences w ere m ost dispersed w ith a  STD EV  7.71, developers’ 
and contractors’ experiences STD EV  being 5.46 and 6.08 respectively. W hile high-rise 
construction has been ongoing in B angladesh for the last tw o decades, only since the 
m iddle o f  1990s this sector has seen a boom . N ow  there are m any new  developers w ith 
low  experience engaged in  the industry. The author noticed w hile conducting the survey 
that those developers, w ho have low  experience o f  building construction used 
experienced consultants and contractors; how ever, no data on this aspect w ere collected.
i The standard deviation is a measure o f  how widely values are dispersed from the average value (the mean).
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C onversely, developers, w ho them selves w ere experienced architects o r civil engineers, 
used less experienced consultants and contractors to save on costs.
6.3.3 Employment Scheme
The developers norm ally em ployed perm anent civil engineers only and the big 
developers occasionally em ployed service engineers. It w as a norm al practice to 
appoint civil engineers as project m anagers. T raditionally the private sector o f  high-rise 
construction in B angladesh treats architectural and structural designers as consultants. 
W hile m ost developers com m issioned architectural and structural designers, few  large 
developers em ployed both  in-house and external designers. In som e cases, developers 
em ployed in-house architectural designers as part-tim e em ployees. O n an average, each 
developer em ployed 1.6 full-tim e and 1.4 part-tim e architectural designers; there w ere 8 
adm inistrative staff, w hich included m anaging directors, directors, partners, corporate 
m anagers, accounts, m arketing, adm inistrative m anagers/officers etc per developer; 
there w ere 19 support s ta ff  (per developer), w hich included front desk clerks, petty  
cashiers, data entry personnel, supervisors (at site), cleaner, jan ito rs , helpers etc. Few  
developers em ployed skilled operators for m ixer m achines, ro o f hoist, etc.
6.3.4 Usage of Computers
C om puters w ere not found to be w idely  in  use in the construction industry in 
B angladesh. D uring the survey it w as noticed that com puters w ere m ostly  used for w ord 
processing; Excel or sim ilar spreadsheet softw are w as in use for planning, scheduling, 
estim ating and accounting; w hile architectural o r structural design softw are w as hardly 
used.
5.3.5 Project Location
The R II o f  the variables influencing the site location were calculated  using Equation 6.1 
and the variables w ere ranked as show n in Table 6.1.
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Table 6.1: RII (1 = Least to 5 = Most) and Rank of Variables of Selection of 
Project Location
Variables
Scale (Sj)
RII Rank
5 4 3 2 1
Most ◄--------- ► Least
No of Respondents (Nj)
Proxim ity  to schools and colleges 15 13 56 19 7 3.09 6
Proxim ity  to bus or train  station or airport 7 10 24 27 42 2.21 7
Proxim ity  to com m ercial area 24 25 36 17 8 3.36 5
Proxim ity  to residential area 87 5 13 5 0 4.58 2
Traffic congestion 64 27 12 3 4 4.34 3
H eight lim itation 65 11 19 9 6 3.90 4
Surrounding social environm ent 97 9 4 0 0 4.84 1
Surrounding social environm ent had the m axim um  influence on the selection o f  a 
p ro jec t location. The second m ost im portant criterion was found to be proxim ity to 
residential area. Traffic congestion is com m on in D haka City, w hich affected peop le’s 
daily  life and it had been given the th ird  priority. In residential areas, the traffic 
congestions were com paratively low . M ost o f  the elite in B angladesh preferred staying 
in m ulti-storey buildings for security and for other com m on facilities. A s the elite could 
afford private transport for daily life, they are used to living far from  the heart o f  the 
city in  a  good residential location.
‘H eight lim itation’ was the 4 m ost im portant variable. Living a t m id-level floors w ere 
in  up m ost in dem and. B ecause, Low -level floors are m ore hazardous to air and noise 
pollu tions com pare to high-level floors. B ut, high-level floors are m ore affected w ith 
respect to  unreliable w ater and electricity  supply. A lthough m ost existing high-rise 
build ings have their ow n stand-by generators, som e o f  w hich w ere not so reliable during 
frequent pow er cuts, and the inhabitants o f  high-level flats m ust therefore use stairs for 
access and egress. W ater pressure at the top levels are significantly  low.
Proxim ity  to com m ercial area, proxim ity  to  schools or colleges and proxim ity  to airport 
o r bus/train  station had been ranked fifth, sixth and seventh respectively. A s it has been 
m entioned earlier, m ost high-rise flat occupants w ere affluent and ow ned cars, and 
therefore they gave low er priority  to  these three variables. Since developm ent o f  high-
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rise buildings w as relatively new , m ost o f  the locations still d id  no t have appropriate 
sew erage, w ater supply, and recreational infrastructure facilities. Therefore, some 
respondents, especially architectural designers, w ere talking about the necessity  o f  
developing new  areas w here high rise buildings can be constructed  only w ith 
appropriate infrastructures.
6.3.6 Project Type
O ut o f  thirty projects, 30 respondents o f  developers’ category provided  basic data about 
the specific project on w hich data w as being collected. Tw enty-six projects (86% ) w ere 
residential and only four projects (13% ) w ere com m ercial cum  residential category. 
There w as no purely com m ercial high-rise project in  the sam ple, though a few  high-rise 
projects have been constructed for com m ercial purposes only. The price o f  land for 
purely com m ercial projects is higher than that for residential projects. Therefore, the 
selling price, per unit area, for spaces in a  com m ercial project w as proportionately  as 
h igh  as its land price. It w as know n that top-level spaces in com m ercial projects m ay 
not be in dem and for com m ercial purposes unless the project is located at the heart o f  
com m ercial areas like M otijheel/D ilkhusha. Therefore, developers also constructed 
com m ercial cum  residential projects, w here up to a  certain level the low er floors were 
designed for com m ercial purposes like shops, offices, etc w hile h igher floors w ere for 
residential purposes. The num ber o f  floors, based on the projects surveyed, w as betw een 
six to tw enty four storeys. M ostly raft foundations w ere used for h igh  storey buildings, 
as it provides extra car parks at underground level.
6.3.7 Land Acquisition
Eight projects (28% ) w ere built on developers’ ow n land. The land for 5, 12, 1 and 2 
projects w ere respectively arranged by cash, cash plus flat-share, flat-share and by other 
arrangem ents (i.e. 19.0%, 43.0% , 4.0%  and 7.0% ). M any developers cam e to the real 
estate business by starting construction projects on their ow n land. I f  and w hen they 
becam e successful they som etim es continued to take up this business professionally. 
Few  developers purchased land by cash only, because o f  huge cash  investm ent required 
at the beginning, unless the plot is a  very coveted one. Som etim es cash purchase o f  
som e com m ercial p lo ts occurred. Partial cash paym ent and flat-share betw een ow ner o f  
land and developer w as com m on. Price o f  land is norm ally a  pre-fixed  part o f  the price 
being paid by the developer to the landow ner and the rest is covered by flat-share
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arrangem ent. Som etim es developers and landow ners agreed on jo in t venture by flat- 
share only.
6.3.8 Contracts
Three types o f  contracts w ere used to obtain data on the performance with respect to 
completion o f projects:
•  F ixed price
« C ost reim bursem ent
•  D esign and build
Fixed price contract requires the  contractor to com plete the specified w ork  at their risk. 
The paym ent is either a  total am ount or the various unit rates as offered in the bid. It is 
term ed as fixed-price contract, as once an offer is accepted, the contractor cannot 
change his price or rate for the work. In fixed price contracts, com petition  betw een 
bidders ensures that the ow ner know s the lim its o f  probable cost before the  w ork starts, 
w hile the contractor has great incentive to perform  efficiently for better p rofit m argin. 
F ixed price contracts are tw o types: Lum p Sum  and U nit Price. In L um p Sum  contract, 
the contractor offers a  total stipulated sum  o f  m oney to do the w hole w ork  specified and 
show n on the draw ings, w hich he proposes in the bid. Lum p Sum  contract could be very 
satisfactory to the ow ner and the contractor w here the w ork is com pletely defined by the 
draw ings and specifications. In U nit Price C ontract, the contractor carries out clearly 
defined classes o f  w ork at un it rates stipulated in  the bid. This type o f  contract is used 
w hen the nature and quality o f  w ork  is specified, but the required  quantity  o f  w ork 
cannot be properly calculated. The m ain  disadvantage o f  this contract is that the ow ner 
does not know  the final price o f  the project until the project is finished.
In cost reim bursem ent contract, the ow ner pays the contractor for the use o f  his services 
o f  skill, experience and adm inistration in  addition to the actual cost o f  the specified 
w ork. The m ain difference betw een various types o f  cost reim bursem ent contracts lies 
in  the form s o f  additional paym ents. The final to tal cost cannot be forecast in this type 
o f  contract.
In  design and build  contract, the w ork  is no t readily  defined at the b idding stage and the 
ow ner m ust take great care during preparation o f  the docum ents to  specify all the exact 
requirem ents. Each entails a  substantial am ount o f  prelim inary design and m ethod
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statem ent to show  the authenticity  o f  the bid. In th is type o f  contract, the ow ner is able 
to com pare technical ingenuity  and m ay expect to  obtain the m ost econom ical solution 
o f  the w ork. A  contractor m ay no t get the additional expenses fo r the preparation o f  the 
proposal.
U nit p rice  contract w as com m only used in  high-rise construction industry in 
B angladesh. A lm ost all respondents believed that the unit p rice contract w as the best 
system  fo r com pleting a project on tim e even though it m ight be necessary  to have small 
m odifications according to the  necessity  o f  individual organisation/project. As 
m entioned elsew here in the thesis, contractors m ay not be financially  w ell o ff  to afford 
construction contracts w ith required  m aterial supply. Therefore, labour contracts are 
norm ally  aw arded to different trade contractors at un it price rate. D evelopers norm ally 
provide m achines and m aterials. T his contract system  has been found suitable for both 
parties; developer m ight give the contract at cheaper rates w hile the contractors could 
get the contracts w ithout having huge investm ents. A dditionally , developers could 
ensure quality  o f  m aterials, against the sub-standard m aterials available in the local 
m arket tha t could be used for better profit m argins. It w as noticed that big contractors 
w ere no t interested in private high-rise projects and vice versa. The m ain  reasons could 
be few er profit m argins for contractors and tight m onitoring o f  overall construction at 
private level.
In the current contract system , the m ain  problem  that arose betw een the developers and 
the contractors were in the calculation o f  the am ount o f  abortive w ork that resulted  from  
change o f  decisions by developers o r their agents. M any contractors believed that 
som etim es projects w ere unnecessarily  delayed due to lack/shortage o f  sm all items. 
This type o f  delay could be avoided i f  developers allow ed contractors to  buy those 
short/m issing sm all item s them selves, as necessary, and reim burse the cost. Contractors 
believed that sm ooth supplies o f  finance and m aterial w ill help to  com plete the projects 
on tim e.
6.4 Time Overruns
It has been  m entioned in the previous chapter that respondents’ quantitative answ ers o f  
the questions o f  TO V  w ere collected on a  5 po in t linear scale and approxim ate delays in 
days. R esponses in linear scale w ere used for ranking in the prelim inary analysis o f
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TO V . D ata  regarding delays in days, for individual TO V , w ere not used for prelim inary 
analysis, but w ere used for regression m odels described in chapter 8. E quation  6.1 was 
used to  calculate RII and rank  o f  TOV. RII and rank  o f  individual variables were 
w orked out for each category o f  respondent. This included consultants, contractors, 
developers and project m anagers. H ow  the R II and rankings for the consultants were 
obtained have been show n schem atically  in Table 6.2. RII and ranking o f  TO V  for 
contractors, developers and project m anagers have been show n in Tables 6.3, 6.4 and
6.5 respectively. The com parative study o f  RII and rank has been sum m arised in Table
6.6.
A dditionally , for TO V  an initiative w as taken to find out Group R elative Index (GRI) to 
rank  the groups. GRI w as calculated using the Equation 6.2; w hich is the average value 
o f  RII o f  the TO V  o f  each group as used by M ezher & Taw il (1998).
G roup R elative Index (GRI) =  Z ( i ? / / ) / / N i .................................... (Equation 6.2)
W here; G R I =  G roup R elative Index;
X (R //) /  -  Sum m ation o f  RII values o f  the variables o f  a  group; and 
Ni =  N um ber o f  variables in the group
For exam ple, there are four variables in the group o f  inception stage (Table 6.2). 
Therefore, GRI = I J( R I I ) i / N i =  (1.62+1.41+1.62+2.10) /  4 =  1.69 (Table 6.7, 
consultan t’s category).
G RI and group rank have been show n separately in  Table 6.7, for each category o f  
respondents. The higher the GRI value the m ore im portant the group as the  principles 
used are sam e as in the ranking o f  individual variables. For easy interpretation, the 
group rankings were categorised in three bands; ‘high im portance: groups rank  I -  IIP , 
‘m edium  im portance: group rank IV  -  IX ’ and Tow  im portance: group rank  X  -  X II’. 
Spearm an’s rank correlation had also been used for individual variables and group 
variable rankings in Table 6.9 and Table 6.10 respectively.
The follow ing is a b rie f discussion o f  TO V  based on groups/stages deduced from  Table
6.2 to Table 6.7. It is necessary to  m ention that rom an num erals as in  Table 6.7 present 
group ranks, w hile individual variable ranks are in parenthesis in the d iscussions.
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T able 6.2: R II and R ank o f T O Y  by C onsultants
No Variables
Scale (Si)
RII Rank5
4 3 2 1
Most M least
No of Respondents (Nj)
A I n c e p t i o n  s t a g e
A , Planning 4 2 23 1.62 32
A 2 Surveying 2 4 23 1.41 40
a 3 Land acquisition 4 1 24 1.62 29
A 4 Change o f planning 2 6 3 18 2 .10 14
B P l a n n i n g  a n d  d e s i g n  s t a g e
B, Planning & design related
B ,, Delayed soil investigation 1 28 1.07 65
B i  2 Client's decision making 4 3 3 6 13 2 .35 8
Bu
Insufficient communication between the owner(s) and 
the consultant(s) 6 23 1.41 41
B l.4 Delayed completion o f planning and design 1 2 6 20 1.76 23
B,S Change o f planning & design by client 4 5 2 1 17 2 .24 10
Bi 6 Financing by client to planner & designer 1 28 1.07 66
b 2 Government relations
B 2.1 Obtaining planning and design permission 6 2 1 20 2.10 15
B 2 2 Obtaining permission for gas, water and electricity 3 3 3 1 19 1.97 19
B 2.3 Obtaining permission for road cutting 4 25 1.14 59
B 2 .4 Excessive bureaucracy 2 3 4 7 13 2 .10 16
c C o n s t r u c t i o n  s t a g e
c, Material
C,., Slow delivery o f materials 1 1 27 1.21 54
C 1.2 Shortage o f construction materials 29 1.00 68
Ci 3 Damage o f materials in storage 1 3 25 1 .17 58
C 1.4
Material changes in types and specifications during 
construction 1 2 8 5 13 2.07 17
Ci 5 Delay due to quality o f materials 4 1 4 20 1.62 31
C 1.6 Material price escalation 2 3 1 23 1.45 38
C 1.7 Imported materials 3 5 2 3 16 2 .17 12
C 1.8
Delay in the production of special manufacture of 
building materials 3 5 21 1.38 47
C2 Manpower
C 2.1 Shortage o f  labour 2 2 3 22 1.69 26
C 2 .2 Labour skill 4 2 3 2 18 2.03 18
C 2 3 Labour productivity 1 28 1.14 60
C3 Equipment
C 3.1 Slow delivery o f  equipment 2 5 22 1.31 50
C 3 2 Equipment shortage 3 2 24 1.62 33
C 3 .3 Equipment failure 9 5 15 1.79 22
C 3 .4 Equipment productivity 3 2 24 1.28 45
C 3 .5 Unskilled operators 4 4 21 1.41 42
C4 Financing
C 4.1 Financing by contractor during construction 1 3 2 8 15 1.86 21
C 4 .2 Delays in contractors' progress payment by owners 1 1 5 3 19 1.69 27
C 4 .3 Cash flow problem during construction 9 6 1 13 2 .69 5
C 4 .4 Non or delayed payments o f instalments by customers 17 1 11 3.38 3
C 4 .5 Bad debts 29 1.00 72
C5 Changes
C 5.1
Design changes by owners or their agents during 
construction 10 3 7 1 8 3.21 4
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No Variables
Scale (SU
RII Rank5 4 3 2 1
Most M least
No of Respondents CNi)
C5.2 Design errors made by designer 1 4 6 18 1.62 30
C5.3 Change o f contractor(s), sub-contractor(s) or engineers 2 2 7 8 10 2.24 11
C5.4 Errors committed during construction 2 1 8 18 1.55 35
C5.5
Unpredictable site (geological, water table etc.) 
conditions 1 1 4 23 1.35 48
C56 Mistakes in soil investigation 1 28 1.03 67
c« Scheduling and control
Q i Preparation and approval o f site/shop drawings 6 23 1.21 55
Q.2 Waiting for sample material approval 2 1 4 9 13 1.97 20
C6 3 Planning and scheduling deficiencies 15 3 3 8 3.59 2
C6 4
Lack o f training personnel management support to 
model the construction operations 2 3 6 4 14 2.14 13
C6 .5
Lack o f data base in estimating activity duration and 
resources 3 26 1.10 62
C66
Judgement and experience o f the involved people in 
estimating time and resources 4 25 1.14 61
C6 .7 Inspection and testing procedure used in the project 1 5 23 1.24 52
C68 Accidents during construction 1 2 1 25 1.34 49
C 6 .9
Type o f contract used (design-build, general 
contracting, turn key...etc.) 3 3 23 1.41 43
C6.10 Application o f quality control 2 3 10 14 1.76 24
C6.ll Inadequate early planning o f the pro ject 3 26 1.10 63
C7 Social and environmental issues
C7.1 Bad weather condition at construction site 3 4 9 7 6 2.69 6
C7.2 Insufficient utilities available on construction site 7 2 20 1.55 36
C7.3 Social and cultural factors 7 5 17 1.66 28
C7.4 Strike/disruption 4 4 6 5 10 2.55 7
C7.5 Unpredictable or catastrophic events 6 23 1.41 44
C8 Contractual relationship
Q . i Uncooperative owners 3 1 25 1.48 37
Q . 2 The joint ownership o f the pro ject 29 1.00 69
C-8 3 Slowness o f the owner decision making process 3 26 1.10 64
C 8 4 Poor organisation o f the contractor or consultant 2 2 9 5 11 2.28 9
Q s
The relationship between subcontractors' schedules in 
the execution o f the projects 10 1 18 1.72 25
C s 6 Conflict between contractor(s) and consultant(s) 29 1.00 70
Q .7
Difficulty o f co-ordination between various parties 
(contractor, sub- contractor, owner consultant) working 
on the project
6 23 1.21 56
8^.8
Legal disputes between various parties in the 
construction project 29 1.00 71
Q .9
Controlling sub-contractors by general contractors in 
the execution of work 3 5 21 1.38 46
Cs.io
Unavailability o f financial incentives for contractor to 
finish a head o f schedule 3 26 1.21 57
Cg 11 Negotiation and obtaining contracts 1 5 23 1.24 53
C8 12
Unavailability o f professional construction 
management expertise 3 4 1 21 1.62 34
D Transfer stage
D , Non compliance by financial obligations by customers 19 10 3.62 1
d 2 Default by contractors 3 7 19 1.45 39
d 3 Default by developers/clients 2 1 26 1.24 51
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T able 6.3: R II and R ank  o f  T O Y  by C ontractors
N o V a r i a b l e s
S c a l e  ( S i )
R I I R a n k
5 4 3 2 1
M o s t  M ^  l e a s t
N o  o f  R e s p o n d e n t s  ( N ; )
A Inception stage
A  i P l a n n i n g 2 2 5 1 . 1 5 6 3
A  2 S u r v e y i n g 2 2 5 1 . 1 5 6 4
A  3 L a n d  a c q u i s i t i o n 2 2 5 1 . 3 0 5 6
A  4 C h a n g e  o f  p l a n n i n g 5 1 2 1 1 . 8 1 2 0
B Planning and design stage
B , P l a n n i n g  &  d e s i g n  r e l a t e d
B , , D e l a y e d  s o i l  i n v e s t i g a t i o n 1 4 2 2 1 . 4 1 4 9
Bl.2 C l i e n t ’s  d e c i s i o n  m a k i n g 2 5 2 0 1 . 5 9 2 9
B , j
I n s u f f i c i e n t  c o m m u n i c a t i o n  b e t w e e n  t h e  o w n e r ( s )  a n d  
t h e  c o n s u l t a n t ( s )
6 2 1 9 1 . 5 2 4 2
B ]  4 D e l a y e d  c o m p l e t i o n  o f  p l a n n i n g  a n d  d e s i g n 1 2 4 2 1 8 1 . 7 4 2 3
B ,.s C h a n g e  o f  p l a n n i n g  &  d e s i g n  b y  c l i e n t 2 3 2 2 0 1 . 5 2 3 8
B , 6 F i n a n c i n g  b y  c l i e n t  t o  p l a n n e r  &  d e s i g n e r 4 2 3 1 . 4 4 4 7
b 2 G o v e r n m e n t  r e l a t i o n s
b2.1 O b t a i n i n g  p l a n n i n g  a n d  d e s i g n  p e r m i s s i o n 6 1 2 0 1 .9 3 1 6
b2.2 O b t a i n i n g  p e r m i s s i o n  f o r  g a s , w a t e r  a n d  e l e c t r i c i t y 6 3 2 1 6 2 . 3 7 6
b 2.3 O b t a i n i n g  p e r m i s s i o n  f o r  r o a d  c u t t i n g 4 4 1 9 1 . 5 9 3 1
b 2 4 E x c e s s i v e  b u r e a u c r a c y 2 2 2 3 1 . 3 7 5 3
C Construction stage
c, M a t e r i a l
C , . , S l o w  d e l i v e r y  o f  m a t e r i a l s 2 4 1 2 0 1 .6 3 2 8
C 1.2 S h o r t a g e  o f  c o n s t r u c t i o n  m a t e r i a l s 1 2 6 1 . 0 7 6 8
C l .3 D a m a g e  o f  m a t e r i a l s  i n  s t o r a g e 1 6 2 0 1 . 3 0 5 5
C l  4
M a t e r i a l  c h a n g e s  i n  t y p e s  a n d  s p e c i f i c a t i o n s  d u r i n g  
c o n s t r u c t i o n
1 2 8 1 6 1 . 5 6 3 5
Cl 5 D e l a y  d u e  t o  q u a l i t y  o f  m a t e r i a l s 1 1 5 4 1 6 1 . 7 8 2 1
C 1.6 M a t e r i a l  p r i c e  e s c a l a t i o n 1 2 7 1 7 1 . 5 2 3 9
C 1.7 I m p o r t e d  m a t e r i a l s 3 4 5 1 5 2 . 2 6 1 0
C 1.8
D e l a y  i n  t h e  p r o d u c t i o n  o f  s p e c i a l  m a n u f a c t u r e  o f  
b u i l d i n g  m a t e r i a l s
3 8 2 1 4 2 . 0 0 1 2
C 2 M a n p o w e r
C 2.1 S h o r t a g e  o f  l a b o u r 1 3 6 1 1 6 1 . 9 6 1 4
C2.2 L a b o u r  s k i l l 1 3 6 1 6 1 . 5 6 3 6
C 2.3 L a b o u r  p r o d u c t i v i t y 5 2 2 1 . 1 9 6 1
C 3 E q u i p m e n t
C 3.1 S l o w  d e l i v e r y  o f  e q u i p m e n t 3 9 1 5 1 . 5 6 3 7
C 3.2 E q u i p m e n t  s h o r t a g e 1 1 6 1 9 1 . 4 4 4 4
C 3.3 E q u i p m e n t  f a i l u r e 9 8 1 0 1 . 9 6 1 3
C3.4 E q u i p m e n t  p r o d u c t i v i t y 7 2 0 1 . 2 6 5 7
C 3.5 U n s k i l l e d  o p e r a t o r s 1 6 2 0 1 . 3 0 5 4
C 4 F i n a n c i n g
C 4 1 F i n a n c i n g  b y  c o n t r a c t o r  d u r i n g  c o n s t r u c t i o n 2 3 4 1 8 1 . 5 9 3 0
C4.2 D e l a y s  i n  c o n t r a c t o r s '  p r o g r e s s  p a y m e n t  b y  o w n e r s 2 2 4 4 1 5 1 .9 6 1 5
C4.3 C a s h  f l o w  p r o b l e m  d u r i n g  c o n s t r u c t i o n 2 1 4 5 1 5 1 . 8 9 1 8
C 4 4 N o n  o r  d e l a y e d  p a y m e n t s  o f  i n s t a l m e n t s  b y  c u s t o m e r s 3 7 2 5 1 0 2 . 5 6 4
C4.5 B a d  d e b t s 2 7 1 . 0 0 7 2
C 5 C h a n g e s
C 5.1
D e s i g n  c h a n g e s  b y  o w n e r s  o r  t h e i r  a g e n t s  d u r i n g  
c o n s t r u c t i o n
3 4 7 7 6 2 . 6 7 3
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N o V a r i a b l e s
S c a l e  ( S i )
RII R a n k
5 4 3 2 1
M o s t  l e a s t
N o  o f  R e s p o n d e n t s  ( N ; )
C5.2 D e s i g n  e r r o r s  m a d e  b y  d e s i g n e r 1 2 3 1 5 6 2 . 1 4 1 1
C5.3 C h a n g e  o f  c o n t r a c t o r ( s ) ,  s u b - c o n t r a c t o r ( s )  o r  e n g i n e e r s 2 2 5 1 1 8 2 . 3 0 9
C5.4 E r r o r s  c o m m i t t e d  d u r i n g  c o n s t r u c t i o n 8 4 1 5 1 . 7 4 2 4
C5.5
U n p r e d i c t a b l e  s i t e  ( g e o l o g i c a l ,  w a t e r  t a b l e  e t c .)  
c o n d i t i o n s
2 1 3 4 1 8 1 . 7 8 2 2
C56 M i s t a k e s  i n  s o i l  i n v e s t i g a t i o n 2 2 5 1 . 0 7 7 0
c6 S c h e d u l i n g  a n d  c o n t r o l
Q . i P r e p a r a t i o n  a n d  a p p r o v a l  o f  s i t e / s h o p  d r a w i n g s 1 4 3 1 9 1 . 5 2 4 3
Q . 2 W a i t i n g  f o r  s a m p l e  m a t e r i a l  a p p r o v a l 3 4 8 1 2 1 .9 3 1 7
Q .3 P l a n n i n g  a n d  s c h e d u l i n g  d e f i c i e n c i e s 1 0 4 3 2 8 3 . 2 2 2
C-6 4
L a c k  o f  t r a i n i n g  p e r s o n n e l  m a n a g e m e n t  s u p p o r t  t o  
m o d e l  t h e  c o n s t r u c t i o n  o p e r a t i o n s
5 3 5 3 1 1 2 . 5 6 5
Q .5
L a c k  o f  d a t a  b a s e  i n  e s t i m a t i n g  a c t i v i t y  d u r a t i o n  a n d  
r e s o u r c e s
1 2 1 2 3 1 . 4 1 4 8
C66 J u d g e m e n t  a n d  e x p e r i e n c e  o f  t h e  i n v o l v e d  p e o p l e  i n  e s t i m a t i n g  t i m e  a n d  r e s o u r c e s 3 2 4 1 . 1 1 6 6
C6 .7 I n s p e c t i o n  a n d  t e s t i n g  p r o c e d u r e  u s e d  i n  t h e  p r o j e c t 4 4 1 9 1 . 4 4 4 6
6^8 A c c i d e n t s  d u r i n g  c o n s t r u c t i o n 2 6 1 9 1 . 3 7 5 1
C6 .9
T y p e  o f  c o n t r a c t  u s e d  ( d e s i g n - b u i l d ,  g e n e r a l  
c o n t r a c t i n g ,  t u r n  k e y . . . e t c . )
1 1 2 5 1 . 1 1 6 5
C6 .I0 A p p l i c a t i o n  o f  q u a l i t y  c o n t r o l 3 8 1 6 1 . 5 2 4 1
C6 11 I n a d e q u a t e  e a r l y  p l a n n i n g  o f  t h e  p r o  j e c t 1 2 6 1 . 0 7 6 7
C 7 S o c i a l  a n d  e n v i r o n m e n t a l  i s s u e s
C7.1 B a d  w e a t h e r  c o n d i t i o n  a t  c o n s t r u c t i o n  s i t e 3 1 0 7 7 2 . 3 3 7
C7.2 I n s u f f i c i e n t  u t i l i t i e s  a v a i l a b l e  o n  c o n s t r u c t i o n  s i t e 1 5 6 1 5 1 . 7 0 2 5
C7.3 S o c i a l  a n d  c u l t u r a l  f a c t o r s 1 5 3 1 8 1 . 5 9 3 2
C7.4 S t r i k e / d i s r u p t i o n 1 6 4 5 1 1 2 . 3 0 8
C7.5 U n p r e d i c t a b l e  o r  c a t a s t r o p h i c  e v e n t s 1 2 2 2 2 1 . 3 7 5 0
C , C o n t r a c t u a l  r e l a t i o n s h i p
Q.l U n c o o p e r a t i v e  o w n e r s 2 4 1 2 0 1 .6 3 2 6
Q . 2 T h e  j o i n t  o w n e r s h i p  o f  t h e  p r o j e c t 1 2 6 1 . 0 7 6 9
^8.3 S l o w n e s s  o f  t h e  o w n e r  d e c i s i o n  m a k i n g  p r o c e s s 2 6 1 9 1 . 3 7 5 2
^ 8 .4 P o o r  o r g a n i s a t i o n  o f  t h e  c o n t r a c t o r  o r  c o n s u l t a n t 1 2 8 1 6 1 . 5 6 3 4
Q .5
T h e  r e l a t i o n s h i p  b e t w e e n  s u b c o n t r a c t o r s '  s c h e d u l e s  i n  
t h e  e x e c u t i o n  o f  t h e  p r o j e c t s
1 7 7 1 2 1 . 8 9 1 9
8^6 C o n f l i c t  b e t w e e n  c o n t r a c t o r ( s )  a n d  c o n s u l t a n t ( s ) 1 2 6 1 . 0 4 7 1
Q .7
D i f f i c u l t y  o f  c o - o r d i n a t i o n  b e t w e e n  v a r i o u s  p a r t i e s  
( c o n t r a c t o r ,  s u b -  c o n t r a c t o r ,  o w n e r  c o n s u l t a n t )  w o r k i n g  
o n  t h e  p r o j e c t
1 3 6 1 7 1 . 5 9 3 3
Css L e g a l  d i s p u t e s  b e t w e e n  v a r i o u s  p a r t i e s  i n  t h e  c o n s t r u c t i o n  p r o j e c t 1 3 2 3 1 . 1 9 6 2
C-8 .9
C o n t r o l l i n g  s u b - c o n t r a c t o r s  b y  g e n e r a l  c o n t r a c t o r s  i n  
t h e  e x e c u t i o n  o f  w o r k
1 3 2 3 1 . 1 9 6 0
Cs.10
U n a v a i l a b i l i t y  o f  f i n a n c i a l  i n c e n t i v e s  f o r  c o n t r a c t o r  t o  
f i n i s h  a  h e a d  o f  s c h e d u l e
3 2 4 1 . 2 2 5 9
C8.I1 N e g o t i a t i o n  a n d  o b t a i n i n g  c o n t r a c t s 7 3 1 7 1 .6 3 2 7
C g ,12
U n a v a i l a b i l i t y  o f  p r o f e s s i o n a l  c o n s t r u c t i o n  
m a n a g e m e n t  e x p e r t i s e
2 2 2 2 1 1 . 4 4 4 5
D Transfer stage
D , N o n  c o m p l i a n c e  b y  f i n a n c i a l  o b l i g a t i o n s  b y  c u s t o m e r s 2 0 1 6 4 . 0 0 1
d 2 D e f a u l t  b y  c o n t r a c t o r s 4 6 1 7 1 . 5 2 4 0
d 3 D e f a u l t  y  d e v e l o p e r s / c l i e n t s 3 2 4 1 . 2 2 5 8
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T able 6.4: R II and R ank o f  T O Y  by D evelopers
N o V a r i a b l e s
S c a l e  (Si)
R I I R a n k
5 4 3 2 1
M o s t  M l e a s t
N o  o f  R e s p o n d e n t s  ( N ; )
A I n c e p t i o n  s t a g e
A  i P l a n n i n g 2 3 24 1.38 4 8
A  2 S u r v e y i n g 2 3 24 1.38 4 9
A  3 L a n d  a c q u i s i t i o n 2 1 3 23 1.38 5 0
A  4 C h a n g e  o f  p l a n n i n g 4 1 6 1 17 2.10 1 1
B P l a n n i n g  a n d  d e s i g n  s t a g e
B , P l a n n i n g  &  d e s i g n  r e l a t e d
B u D e l a y e d  s o i l  i n v e s t i g a t i o n 1 1 2 25 1.38 4 7
B l .2 C l i e n t ' s  d e c i s i o n  m a k i n g 3 2 I 1 22 1.72 2 2
B u
I n s u f f i c i e n t  c o m m u n i c a t i o n  b e t w e e n  t h e  o w n e r ( s )  a n d  
t h e  c o n s u l t a n t ( s )
1 7 2 20 1.63 2 7
B ].4 D e l a y e d  c o m p l e t i o n  o f  p l a n n i n g  a n d  d e s i g n 2 5 3 2 17 2.07 1 2
B ,.5 C h a n g e  o f  p l a n n i n g  &  d e s i g n  b y  c l i e n t 2 2 6 3 16 2.00 1 4
B l  6 F i n a n c i n g  b y  c l i e n t  t o  p l a n n e r  &  d e s i g n e r 2 1 1 26 1.40 4 3
B 2 G o v e r n m e n t  r e l a t i o n s
B 2 .1 O b t a i n i n g  p l a n n i n g  a n d  d e s i g n  p e r m i s s i o n 10 3 1 1 14 2.79 3
B 2.2 O b t a i n i n g  p e r m i s s i o n  f o r  g a s ,  w a t e r  a n d  e l e c t r i c i t y 3 2 2 1 21 1.79 1 8
B2.3 O b t a i n i n g  p e r m i s s i o n  f o r  r o a d  c u t t i n g 1 4 3 21 1.52 3 6
b 2 4 E x c e s s i v e  b u r e a u c r a c y 2 3 3 2 19 1.86 1 6
c C o n s t r u c t i o n  s t a g e
c, M a t e r i a l
C ,  1 S l o w  d e l i v e r y  o f  m a t e r i a l s 1 2 1 4 21 1.55 3 4
C 1.2 S h o r t a g e  o f  c o n s t r u c t i o n  m a t e r i a l s 1 28 1.14 6 6
C 1.3 D a m a g e  o f  m a t e r i a l s  i n  s t o r a g e 1 4 24 1.21 6 3
C 1.4
M a t e r i a l  c h a n g e s  i n  t y p e s  a n d  s p e c i f i c a t i o n s  d u r i n g  
c o n s t r u c t i o n
1 1 4 4 19 1.66 2 8
C 1.5 D e l a y  d u e  t o  q u a l i t y  o f  m a t e r i a l s 1 2 9 8 10 2.20 9
C 1.6 M a t e r i a l  p r i c e  e s c a l a t i o n 2 3 2 22 1.48 3 7
C 1.7 I m p o r t e d  m a t e r i a l s 4 2 2 2 20 1.93 1 5
C l .8
D e l a y  i n  t h e  p r o d u c t i o n  o f  s p e c i a l  m a n u f a c t u r e  o f  
b u i l d i n g  m a t e r i a l s
1 1 4 1 22 1.55 3 2
C 2 M a n p o w e r
C 2.1 S h o r t a g e  o f  l a b o u r 5 8 2 14 2 .14 1 0
C2.2 L a b o u r  s k i l l 2 1 3 7 16 1.83 1 7
C2.3 L a b o u r  p r o d u c t i v i t y 3 4 22 1.34 5 3
C3 E q u i p m e n t
C 3.1 S l o w  d e l i v e r y  o f  e q u i p m e n t 1 3 2 23 1.38 4 5
C 3 2 E q u i p m e n t  s h o r t a g e 1 1 2 25 1.24 5 9
C3.3 E q u i p m e n t  f a i l u r e 2 10 17 1.55 3 3
C3.4 E q u i p m e n t  p r o d u c t i v i t y 3 2 6 18 1.66 2 5
C3.5 U n s k i l l e d  o p e r a t o r s 2 2 25 1.21 6 2
C4 F i n a n c i n g
C4.1 F i n a n c i n g  b y  c o n t r a c t o r  d u r i n g  c o n s t r u c t i o n 2 3 6 18 1.79 1 9
C4.2 D e l a y s  i n  c o n t r a c t o r s '  p r o g r e s s  p a y m e n t  b y  o w n e r s 5 2 1 2 19 2.03 1 3
C4.3 C a s h  f l o w  p r o b l e m  d u r i n g  c o n s t r u c t i o n 10 1 3 2 13 2.76 5
C4.4 N o n  o r  d e l a y e d  p a y m e n t s  o f  i n s t a l m e n t s  b y  c u s t o m e r s 11 2 3 1 12 2.97 2
C4.5 B a d  d e b t s 29 1.00 7 2
C 5 C h a n g e s
C 5.1
D e s i g n  c h a n g e s  b y  o w n e r s  o r  t h e i r  a g e n t s  d u r i n g  
c o n s t r u c t i o n
7 4 4 3 11 2 .76 4
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No V a r i a b l e s
S c a l e  (Si)
RII R a n k
5 4 3 2 1
M o s t  ** l e a s t
N o  o f  R e s p o n d e n t s  (Nj)
C 5 .2 D e s i g n  e r r o r s  m a d e  b y  d e s i g n e r 2 3 8 1 4 1 . 6 9 2 3
C 5.3 C h a n g e  o f  c o n t r a c t o r ^ ) ,  s u b - c o n t r a c t o r ( s )  o r  e n g i n e e r s 1 1 4 3 2 0 1 . 6 2 2 9
C 5 .4 E r r o r s  c o m m i t t e d  d u r i n g  c o n s t r u c t i o n 1 1 1 3 1 4 1 . 6 2 3 1
C 5.5
U n p r e d i c t a b l e  s i t e  ( g e o l o g i c a l ,  w a t e r  t a b l e  e t c .)  
c o n d i t i o n s
1 3 2 5 1 . 2 1 5 5
C 5 6 M i s t a k e s  i n  s o i l  i n v e s t i g a t i o n 2 2 7 1 . 1 4 6 5
c6 S c h e d u l i n g  a n d  c o n t r o l
Q.I P r e p a r a t i o n  a n d  a p p r o v a l  o f  s i t e / s h o p  d r a w i n g s 1 1 2 2 5 1 . 2 4 5 8
C6.2 W a i t i n g  f o r  s a m p l e  m a t e r i a l  a p p r o v a l 1 1 1 4 2 2 1 . 4 5 4 0
C6.3 P l a n n i n g  a n d  s c h e d u l i n g  d e f i c i e n c i e s 7 2 3 2 1 5 2 . 4 5 6
^ 6 4
L a c k  o f  t r a i n i n g  p e r s o n n e l  m a n a g e m e n t  s u p p o r t  t o  
m o d e l  t h e  c o n s t r u c t i o n  o p e r a t i o n s
2 2 4 2 1 1 . 7 6 2 0
C 6.S
L a c k  o f  d a t a  b a s e  i n  e s t i m a t i n g  a c t i v i t y  d u r a t i o n  a n d  
r e s o u r c e s
1 1 5 2 2 1 . 3 4 5 1
C6.6 J u d g e m e n t  a n d  e x p e r i e n c e  o f  t h e  i n v o l v e d  p e o p l e  i n  e s t i m a t i n g  t i m e  a n d  r e s o u r c e s 2 2 7 1 . 0 7 6 8
C-6.7 I n s p e c t i o n  a n d  t e s t i n g  p r o c e d u r e  u s e d  i n  t h e  p r o j e c t 8 2 1 1 . 2 8 5 6
C68 A c c i d e n t s  d u r i n g  c o n s t r u c t i o n 1 3 2 5 1 . 2 4 6 0
C 6 9
T y p e  o f  c o n t r a c t  u s e d  ( d e s i g n - b u i l d ,  g e n e r a l  
c o n t r a c t i n g ,  t u r n  k e y . . . e t c . )
2 1 1 2 5 1 . 3 1 5 4
C6.10 A p p l i c a t i o n  o f  q u a l i t y  c o n t r o l 3 5 2 1 1 . 3 8 4 6
C6.ll I n a d e q u a t e  e a r l y  p l a n n i n g  o f  t h e  p r o j e c t 1 2 8 1 . 0 7 6 9
C 7 S o c i a l  a n d  e n v i r o n m e n t a l  i s s u e s
C 7.1 B a d  w e a t h e r  c o n d i t i o n  a t  c o n s t r u c t i o n  s i t e 1 5 7 8 8 2 . 4 1 7
C 7 .2 I n s u f f i c i e n t  u t i l i t i e s  a v a i l a b l e  o n  c o n s t r u c t i o n  s i t e 3 2 1 2 3 1 . 4 8 3 8
C 7 3 S o c i a l  a n d  c u l t u r a l  f a c t o r s 2 1 6 2 0 1 . 4 8 3 9
C 7 4 S t r i k e / d i s r u p t i o n 5 5 6 1 3 2 . 2 4 8
C 7 5 U n p r e d i c t a b l e  o r  c a t a s t r o p h i c  e v e n t s 4 2 3 2 0 1 . 6 6 2 4
C , C o n t r a c t u a l  r e l a t i o n s h i p
Q 1 U n c o o p e r a t i v e  o w n e r s 2 3 1 3 2 0 1 . 7 6 2 1
Q 2 T h e  j o i n t  o w n e r s h i p  o f  t h e  p r o j e c t 1 2 8 1 . 1 4 6 7
C 8.3 S l o w n e s s  o f  t h e  o w n e r  d e c i s i o n  m a k i n g  p r o c e s s 1 5 2 3 1 . 2 4 6 1
Cg4 P o o r  o r g a n i s a t i o n  o f  t h e  c o n t r a c t o r  o r  c o n s u l t a n t 1 1 4 4 1 9 1 . 6 6 2 6
C s 5
T h e  r e l a t i o n s h i p  b e t w e e n  s u b c o n t r a c t o r s '  s c h e d u l e s  i n  
t h e  e x e c u t i o n  o f  t h e  p r o j e c t s
I 5 5 1 8 1 . 6 2 3 0
C 8 6 C o n f l i c t  b e t w e e n  c o n t r a c t o r ( s )  a n d  c o n s u l t a n t ( s ) 2 2 7 1 . 0 7 7 0
Q . 7
D i f f i c u l t y  o f  c o - o r d i n a t i o n  b e t w e e n  v a r i o u s  p a r t i e s  
( c o n t r a c t o r ,  s u b -  c o n t r a c t o r ,  o w n e r  c o n s u l t a n t )  w o r k i n g  
o n  t h e  p r o j e c t
1 2 5 2 1 1 . 4 1 4 2
Cs.8
L e g a l  d i s p u t e s  b e t w e e n  v a r i o u s  p a r t i e s  i n  t h e  
c o n s t r u c t i o n  p r o j e c t
1 1 3 2 4 1 . 2 8 5 7
C s.9
C o n t r o l l i n g  s u b - c o n t r a c t o r s  b y  g e n e r a l  c o n t r a c t o r s  i n  
t h e  e x e c u t i o n  o f  w o r k
1 4 2 4 1 . 2 1 6 4
Cs.io
U n a v a i l a b i l i t y  o f  f i n a n c i a l  i n c e n t i v e s  f o r  c o n t r a c t o r  t o  
f i n i s h  a  h e a d  o f  s c h e d u l e
1 2 8 1 .0 3 7 1
C8.11 N e g o t i a t i o n  a n d  o b t a i n i n g  c o n t r a c t s 2 7 2 0 1 . 3 8 4 4
Cs 12
U n a v a i l a b i l i t y  o f  p r o f e s s i o n a l  c o n s t r u c t i o n  
m a n a g e m e n t  e x p e r t i s e
2 2 3 2 2 1 . 4 5 4 1
D Transfer stage
D , N o n  c o m p l i a n c e  b y  f i n a n c i a l  o b l i g a t i o n s  b y  c u s t o m e r s 2 2 1 1 5 4 . 2 1 1
d 2 D e f a u l t  b y  c o n t r a c t o r s 2 2 6 1 9 1 .5 5 3 5
d 3 D e f a u l t  b y  d e v e l o p e r s / c l i e n t s 1 2 3 2 3 1 . 3 4 5 2
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T able 6.5: RII and Rank of TOV by Project M anagers
N o V a r i a b l e s
S c a l e  ( S i )
R I I R a n k
5 4 3 2 1
M o s t  l e a s t
N o  o f  R e s p o n d e n t s  ( N ; )
A I n c e p t i o n  s t a g e
A  i P l a n n i n g 1 23 1.04 6 2
A  2 S u r v e y i n g 1 23 1.04 6 3
a 3 L a n d  a c q u i s i t i o n 1 23 1.08 61
A  4 C h a n g e  o f  p l a n n i n g 2 2 1 3 16 1.79 2 3
B P l a n n i n g  a n d  d e s i g n  s t a g e
B , P l a n n i n g  &  d e s i g n  r e l a t e d
B , , D e l a y e d  s o i l  i n v e s t i g a t i o n 1 23 1.08 5 8
B ].2 C l i e n t ' s  d e c i s i o n  m a k i n g 3 1 3 17 1.58 3 2
B ,3
I n s u f f i c i e n t  c o m m u n i c a t i o n  b e t w e e n  t h e  o w n e r ( s )  a n d  
t h e  c o n s u l t a n t ( s )
1 2 7 14 1.58 31
B i .4 D e l a y e d  c o m p l e t i o n  o f  p l a n n i n g  a n d  d e s i g n 5 5 3 11 2.17 12
B ,.5 C h a n g e  o f  p l a n n i n g  &  d e s i g n  b y  c l i e n t 1 1 5 4 13 1.88 2 0
B , 6 F i n a n c i n g  b y  c l i e n t  t o  p l a n n e r  &  d e s i g n e r 2 1 21 1.29 4 7
b 2 G o v e r n m e n t  r e l a t i o n s
B 2 .1 O b t a i n i n g  p l a n n i n g  a n d  d e s i g n  p e r m i s s i o n 1 6 3 2 12 2.25 8
B 2 2 O b t a i n i n g  p e r m i s s i o n  f o r  g a s , w a t e r  a n d  e l e c t r i c i t y 2 2 4 4 12 2.08 14
B 2 3 O b t a i n i n g  p e r m i s s i o n  f o r  r o a d  c u t t i n g 1 4 19 1.25 5 0
B 2 4 E x c e s s i v e  b u r e a u c r a c y 1 23 1.17 5 4
C C o n s t r u c t i o n  s t a g e
C , M a t e r i a l
C,.| S l o w  d e l i v e r y  o f  m a t e r i a l s 4 1 19 1.38 4 4
c , 2 S h o r t a g e  o f  c o n s t r u c t i o n  m a t e r i a l s 24 1.00 6 7
Cl 3 D a m a g e  o f  m a t e r i a l s  i n  s t o r a g e 1 1 8 14 1.54 3 4
C 1.4
M a t e r i a l  c h a n g e s  i n  t y p e s  a n d  s p e c i f i c a t i o n s  d u r i n g  
c o n s t r u c t i o n
5 3 4 12 2 .04 17
Cl 5 D e l a y  d u e  t o  q u a l i t y  o f  m a t e r i a l s 11 6 7 2.17 11
Cl 6 M a t e r i a l  p r i c e  e s c a l a t i o n 3 1 2 18 1.54 3 3
C 1.7 I m p o r t e d  m a t e r i a l s 1 3 4 16 1.88 21
C 1.8
D e l a y  i n  t h e  p r o d u c t i o n  o f  s p e c i a l  m a n u f a c t u r e  o f  
b u i l d i n g  m a t e r i a l s
9 4 1 10 2 .50 5
C 2 M a n p o w e r
C2.I S h o r t a g e  o f  l a b o u r 3 10 11 2.21 10
C2.2 L a b o u r  s k i l l 1 6 3 14 1.79 2 4
C2.3 L a b o u r  p r o d u c t i v i t y 1 23 1.08 5 9
C 3 E q u i p m e n t
C 3.1 S l o w  d e l i v e r y  o f  e q u i p m e n t 2 3 19 1.29 4 8
C3.2 E q u i p m e n t  s h o r t a g e 7 5 12 1.79 2 8
C 3 3 E q u i p m e n t  f a i l u r e 1 6 4 13 1.79 2 7
C3.4 E q u i p m e n t  p r o d u c t i v i t y I 9 14 1.46 3 7
C 3.5 U n s k i l l e d  o p e r a t o r s 1 8 15 1.42 4 2
C 4 F i n a n c i n g
C4.1 F i n a n c i n g  b y  c o n t r a c t o r  d u r i n g  c o n s t r u c t i o n 2 5 2 3 12 2.25 9
C4.2 D e l a y s  i n  c o n t r a c t o r s '  p r o g r e s s  p a y m e n t  b y  o w n e r s 4 2 18 1.42 4 1
C 4 3 C a s h  f l o w  p r o b l e m  d u r i n g  c o n s t r u c t i o n 2 1 5 16 1.88 1 9
C 4 4 N o n  o r  d e l a y e d  p a y m e n t s  o f  i n s t a l m e n t s  b y  c u s t o m e r s 7 4 3 10 2 .92 2
C4.5 B a d  d e b t s 24 1.00 7 2
C 5 C h a n g e s
C 5.1
D e s i g n  c h a n g e s  b y  o w n e r s  o r  t h e i r  a g e n t s  d u r i n g  
c o n s t r u c t i o n
1 6 9 2 6 2.75 4
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N o V a r i a b l e s
S c a l e  ( S . )
R I I R a n k
5 4 3 2 1
M o s t  ^  l e a s t
N o  o f  R e s p o n d e n t s  ( N j )
C 5 .2 D e s i g n  e r r o r s  m a d e  b y  d e s i g n e r 1 5 6 1 2 1 . 7 9 2 5
C 5.3 C h a n g e  o f  c o n t r a c t o r ( s ) ,  s u b - c o n t r a c t o r ( s )  o r  e n g i n e e r s 4 4 7 9 2 . 1 3 2 6
C 5 4 E r r o r s  c o m m i t t e d  d u r i n g  c o n s t r u c t i o n 3 1 6 5 9 2 . 3 3 7
C 5 .5
U n p r e d i c t a b l e  s i t e  ( g e o l o g i c a l ,  w a t e r  t a b l e  e t c .)  
c o n d i t i o n s
2 3 1 9 1 . 5 0 3 5
C 5 6 M i s t a k e s  i n  s o i l  i n v e s t i g a t i o n 2 4 1 . 0 0 6 6
c 6 S c h e d u l i n g  a n d  c o n t r o l
^ 6  1 P r e p a r a t i o n  a n d  a p p r o v a l  o f  s i t e / s h o p  d r a w i n g s 1 2 4 1 7 1 . 4 6 4 0
^ 6 2 W a i t i n g  f o r  s a m p l e  m a t e r i a l  a p p r o v a l 6 3 1 5 1 .6 3 3 0
^6.3 P l a n n i n g  a n d  s c h e d u l i n g  d e f i c i e n c i e s 6 4 5 9 2 . 9 2 3
^ 6 4
L a c k  o f  t r a i n i n g  p e r s o n n e l  m a n a g e m e n t  s u p p o r t  t o  
m o d e l  t h e  c o n s t r u c t i o n  o p e r a t i o n s
2 9 1 1 2 2 . 0 4 1 5
^6.5
L a c k  o f  d a t a  b a s e  i n  e s t i m a t i n g  a c t i v i t y  d u r a t i o n  a n d  
r e s o u r c e s
1 2 2 1 1 . 2 1 5 3
Q . 6
J u d g e m e n t  a n d  e x p e r i e n c e  o f  t h e  i n v o l v e d  p e o p l e  i n  
e s t i m a t i n g  t i m e  a n d  r e s o u r c e s
1 2 3 1 . 0 4 6 4
^ 6 .7 I n s p e c t i o n  a n d  t e s t i n g  p r o c e d u r e  u s e d  i n  t h e  p r o j e c t 2 5 1 7 1 . 4 6 3 8
C 6 8 A c c i d e n t s  d u r i n g  c o n s t r u c t i o n 2 2 2 0 1 . 2 5 5 1
^ 6 .9
T y p e  o f  c o n t r a c t  u s e d  ( d e s i g n - b u i l d ,  g e n e r a l  
c o n t r a c t i n g ,  t u r n  k e y . . . e t c . )
1 2 3 1 . 0 4 5 7
C 6.10 A p p l i c a t i o n  o f  q u a l i t y  c o n t r o l 3 3 1 8 1 .3 8 4 5
C6.ll I n a d e q u a t e  e a r l y  p l a n n i n g  o f  t h e  p r o j e c t 2 4 1 . 0 0 6 9
C 7 S o c i a l  a n d  e n v i r o n m e n t a l  is s u e s
C7 I B a d  w e a t h e r  c o n d i t i o n  a t  c o n s t r u c t i o n  s i t e 1 1 2 7 4 2 . 4 2 6
C 7 .2 I n s u f f i c i e n t  u t i l i t i e s  a v a i l a b l e  o n  c o n s t r u c t i o n  s ite 2 2 7 3 1 0 2 . 2 9 2 2
^7.3 S o c i a l  a n d  c u l t u r a l  f a c t o r s 5 1 9 1 . 2 1 5 2
C 7 .4 S t r i k e / d i s r u p t i o n 1 6 6 1 1 1 . 9 2 1 8
C 7 .5 U n p r e d i c t a b l e  o r  c a t a s t r o p h i c  e v e n t s 2 2 2 1 . 2 5 4 9
C 8 C o n t r a c t u a l  r e l a t i o n s h i p
C g .i U n c o o p e r a t i v e  o w n e r s 4 1 1 9 1 . 3 8 4 3
Q . 2 T h e  j o i n t  o w n e r s h i p  o f  t h e  p r o  je c t 2 4 1 . 0 0 6 8
Q.3 S l o w n e s s  o f  t h e  o w n e r  d e c i s i o n  m a k i n g  p r o c e s s 1 9 1 4 1 . 5 0 3 6
Q . 4 P o o r  o r g a n i s a t i o n  o f  t h e  c o n t r a c t o r  o r  c o n s u l t a n t 6 2 6 1 0 2 . 1 7 1 3
Q . 5
T h e  r e l a t i o n s h i p  b e t w e e n  s u b c o n t r a c t o r s '  s c h e d u l e s  i n  
t h e  e x e c u t i o n  o f  t h e  p r o  j e c t s
2 6 7 9 2 . 0 4 1 6
C g 6 C o n f l i c t  b e t w e e n  c o n t r a c t o r ( s )  a n d  c o n s u l t a n t ( s ) 2 4 1 . 0 0 7 0
Q.7
D i f f i c u l t y  o f  c o - o r d i n a t i o n  b e t w e e n  v a r i o u s  p a r t i e s  
( c o n t r a c t o r ,  s u b -  c o n t r a c t o r ,  o w n e r  c o n s u l t a n t )  w o r k i n g  
o n  t h e  p r o j e c t
1 5 1 8 1 . 2 9 4 6
C-8.8
L e g a l  d i s p u t e s  b e t w e e n  v a r i o u s  p a r t i e s  i n  t h e  
c o n s t r u c t i o n  p r o j e c t
1 3 1 1 9 1 . 4 6 3 9
C s 9
C o n t r o l l i n g  s u b - c o n t r a c t o r s  b y  g e n e r a l  c o n t r a c t o r s  i n  
t h e  e x e c u t i o n  o f  w o r k
2 2 2 1 . 0 8 6 0
C g .10
U n a v a i l a b i l i t y  o f  f i n a n c i a l  i n c e n t i v e s  f o r  c o n t r a c t o r  t o  
f i n i s h  a  h e a d  o f  s c h e d u l e
2 4 1 . 0 0 7 1
C g.u N e g o t i a t i o n  a n d  o b t a i n i n g  c o n t r a c t s 3 2 1 1 . 1 3 5 6
Cg.12
U n a v a i l a b i l i t y  o f  p r o f e s s i o n a l  c o n s t r u c t i o n  
m a n a g e m e n t  e x p e r t i s e
1 1 2 2 1 . 1 3 5 5
D T r a n s f e r  s t a g e
D , N o n  c o m p l i a n c e  b y  f i n a n c i a l  o b l i g a t i o n s  b y  c u s t o m e r s 1 6 2 1 5 4 . 0 0 1
d 2 D e f a u l t  b y  c o n t r a c t o r s 3 9 1 2 1 .6 3 2 9
d 3 D e f a u l t  b y  d e v e l o p e r s / c l i e n t s 2 4 1 . 0 0 6 5
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T able 6.6: C om parative RII and R ank  o f  T O Y
No Variables Consultant Contractor Developer P. ManagerRII Rank RII Rank RII Rank RII Rank
A Inception stage
A, Planning 1.62 32 1.15 63 1.38 48 1.04 62
A 2 Surveying 1.41 40 1.15 64 l.?8 49 1.04 63
a 3 Land acquisition 1.62 29 1.30 56 1.38 15 1.08 61
A 4 Change of planning 2.10 14 1.82 20 2.10 11 1.79 23
B Planning and design stage
Bj Planning & design related
B , , Delayed soil investigation 1.07 65 1.41 49 1.38 47 1.08 58
B i  2 Client's decision making 2.35 6 1.59 29 1.72 22 1.58 32
B , . 3
Insufficient communication between the 
owner(s) and the consultant(s) 1.41 41 1.52 42 1.63 27 1.58 31
Bi.4 Delayed completion of planning and design 1.76 23 1.74 23 2.07 12 2.17 12
B , 5 Change of planning & design by client 2.24 10 1.52 38 2.00 14 1.88 22
B |  6 Financing by client to planner & designer 1.07 66 1.44 21 1.40 43 1.29 47
b 2 Government relations
B 2  i Obtaining planning and design permission 2.10 15 1.93 17 2.79 3 2.25 8
B2.2
Obtaining permission for gas, water and 
electricity 1.97 19 2.37 6 1.79 18 2.08 14
B 2  3 Obtaining permission for road cutting 1.14 59 1.59 31 1.52 36 1.25 50
B 2 4 Excessive bureaucracy 1.62 30 1.37 53 1.86 16 1.17 54
c Construction stage
c , Material
c , , Slow delivery of materials 1.21 15 1.63 28 1.55 34 1.38 44
C i  2 Shortage of construction materials 1.00 68 1.07 11 1.14 66 1.00 67
C l  3 Damage of materials in storage 1.17 58 1.30 55 1.21 63 1.54 34
C1.4
Material changes in types and 
specifications during construction 2.07 17 1.56 35 1.66 28 2.04 17
c  1 5 Delay due to quality of materials 1.62 31 1.78 21 2.20 9 2.17 11
C l  6 Material price escalation 1.45 38 1.52 20 1.48 37 1.54 33
C1.7 Imported materials 2.17 12 2.26 10 1.93 15 1.88 21
C1.8
Delay in the production of special 
manufacture of building materials 1.38 47 2.00 12 1.55 32 2.50 5
c 2 Manpower
C2, Shortage of labour 1.69 26 1.96 14 2.14 10 2.21 10
C 2 2 Labour skill 2.03 18 1.56 36 1.83 17 1.79 24
C 2 3 Labour productivity 1.14 60 1.19 61 1.34 53 1.08 59
C3 Equipment
C3.1 Slow delivery of equipment I.3I 50 1.56 37 1.38 45 1.29 48
C 3 2 Equipment shortage 1.62 33 1.44 44 1.24 59 1.79 28
C 3 3 Equipment failure 1.79 22 1.96 13 1.55 33 1.79 27
C 3 4 Equipment productivity 1.38 45 1.26 57 1.66 25 1.46 37
C 3  5 Unskilled operators 1.41 42 1.30 54 1.21 62 1.42 42
c 4 Financing
C4.1
Financing by contractor during 
construction 1.86 21 1.59 30 1.79 19 2.25 9
C4.2
Delays in contractors' progress payment by 
owners 1.69 27 1.96 15 2.03 13 1.42 41
C 4 3 Cash flow problem during construction 2.69 5 1.89 19 2.76 5 1.88 19
C4.4
Non or delayed payments of instalments 
by customers 3.38 3 2.56 4 2.97 2 2.92 2
C 4 5 Bad debts 1.00 72 1.00 72 1.00 72 1.00 72
c ^ Changes
C5.1
Design changes by owners or their agents 
during construction 3.21 4 2.67 3 2.76 4 2.75 4
C 5 2 Design errors made by designer 3.83 16 3.96 11 1.69 23 1.79 35
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N o V a r ia b les
C o n su lta n t C on tra c to r D e v e lo p er P . M a n a g er
RII Rank RII Rank RII Rank RII Rank
C5.3 Change of contractor(s), sub-contractor(s) or engineers 2.24 11 2.30 9 1.38 29 2.13 26
C 54 Errors committed during construction 1.55 35 1.74 24 1.62 31 2.33 9
C5 5 Unpredictable site (geological, water table etc.) conditions 1.35 48 1.78 22 1.31 55 1.50 7
C5 6 Mistakes in soil investigation 1.03 67 1.07 68 1.14 65 1.00 35
c* S c h e d u lin g  and  co n tro l
Q.i Preparation and approval of site/shop drawings 1.21 55 1.52 43 1.24 58 1.46 40
C62 Waiting for sample material approval 1.97 20 1.93 18 1.45 40 1.63 30
C-6.3 Planning and scheduling deficiencies 3.59 2 3.22 2 2.45 6 2.92 3
C6.4
Lack of training personnel management 
support to model the construction 
operations
2.14 13 2.56 5 1.76 20 2.04 15
Q.S Lack of data base in estimating activity duration and resources 1.10 62 1.41 48 1.34 51 1.21 53
C-6.6
Judgement and experience of the involved 
people in estimating time and resources 1.14 61 1.11 66 1.07 68 1.04 64
C6.7
Inspection and testing procedure used in 
the project 1.24 52 1.44 46 1.28 56 1.46 38
C 6 8 Accidents during construction 1.34 49 1.37 51 1.24 60 1.25 51
^6.9
Type of contract used (design-build, 
general contracting, turn key...etc.) 1.41 43 1.11 65 1.31 54 1.13 57
C6.10 Application of quality control 1.76 24 1.52 41 1.38 46 1.38 45
C6 .ll Inadequate early planning of the pro ject 1.10 63 1.07 67 1.07 69 1.00 69
C7 S o c ia l an d  en v iro n m en ta l issu es
C7 1 Bad weather condition at construction site 2.69 6 2.33 7 2.41 7 2.42 6
C7.2 Insufficient utilities available on construction site 1.55 36 1.70 25 1.48 38 1.88 22
C7 3 Social and cultural factors 1.66 28 1.59 32 1.48 39 1.21 52
C7.4 Strike/disruption 2.55 7 2.30 8 2.24 8 1.92 18
C7 5 Unpredictable or catastrophic events 1.41 44 1.37 50 1.66 24 1.25 49
c8 C o n tra c tu a l re la tio n sh ip
C-8 1 Uncooperative owners 1.48 37 1.63 26 1.76 21 1.38 43
Cg2 The joint ownership of the pro ject 1.00 69 1.07 67 1.14 67 1.00 68
C%2
Slowness of the owner decision making 
process 1.10 64 1.37 52 1.24 61 1.50 36
C-8.4
Poor organisation of the contractor or 
consultant 2.28 9 1.56 34 1.66 26 3.17 13
C-8.5 The relationship between subcontractors' schedules in the execution of the pro jects 1.72 25 1.89 19 1.62 30 2.04 16
Cs6 Conflict between contractors) and consultant(s) 1.00 70 1.04 63 1.07 70 1.00 70
Q.7
Difficulty of co-ordination between 
various parties (contractor, sub- contractor, 
owner consultant) working on the project
1.21 56 1.59 33 1.41 42 1.29 46
Q.8 Legal disputes between various parties in the construction project 1.00 71 1.19 62 1.28 57 1.46 39
Cg.9 Controlling sub-contractors by general contractors in the execution of work 1.38 46 1.19 60 1.21 64 1.08 60
Cs.io
Unavailability of financial incentives for 
contractor to finish a head of schedule 1.21 57 1.22 59 1.03 71 1.00 71
C8.11 Negotiation and obtaining contracts 1.24 53 1.63 27 1.38 44 1.13 56
Cs.12 Unavailability of professional construction management expertise 1.62 34 1.44 45 1.45 41 1.13 55
D Transfer stage
D ,
Non compliance by financial obligations 
by customers 3.62 1 4.00 1 4.21 1 4.00 1
d 2 Default by contractors 1.45 39 1.52 40 2.55 35 2.75 29
d 3 Default by developers/clients 1.28 51 1.22 58 1.34 52 1.00 65
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T able 6.7: G R I and G roup R ank  o f  T O Y
S t a g e G r o u p
C o n s u l t a n t C o n t r a c t o r D e v e l o p e r P .  M a n a g e r
G R I R a n k G R I R a n k G R I R a n k G R I R a n k
A I n c e p t i o n  s t a g e 1 . 6 9 V I 1 . 3 5 X I 1 . 5 6 I X 1 . 2 4 X I
B P l a n n i n g  &  d e s i g n  s t a g e
B , P l a n n i n g  &  d e s i g n  r e l a t e d 1 . 6 5 V I I 1 . 5 4 I X 1 . 7 0 V I 1 . 6 0 V I I I
b 2 G o v e r n m e n t  r e l a t i o n s 1 . 7 1 V 1 . 8 1 I V 1 . 9 9 III 1 . 6 9 V I I
C C o n s t r u c t i o n  s t a g e
C , M a t e r i a l 1 . 5 1 X I 1 . 6 4 V I I 1 . 5 9 V I I I 1 . 7 6 I V
C  2 M a n p o w e r 1 . 6 2 I X 1 . 5 7 V I I I 1 . 7 7 V 1 . 6 9 V I
C 3 E q u i p m e n t 1 . 5 0 X 1 . 5 0 X 1 . 4 1 X I 1 . 5 5 I X
C 4 F i n a n c i n g 2 . 1 2 I 1 . 8 0 V 2 . 1 1 II 1 . 8 9 II
C 5 C h a n g e s 1 . 9 0 I V 2 . 2 5 II 1 . 6 5 V I I 1 . 9 2 III
C 6 S c h e d u l i n g  a n d  c o n t r o l 1 . 6 4 V I I I 1 . 6 6 V I 1 . 4 2 X 1 . 5 0 X
C 7
S o c i a l  a n d  e n v i r o n m e n t a l  
is s u e s
1 . 9 7 III 1 . 8 6 III 1 . 8 6 I V 1 . 7 3 V
C s C o n t r a c t u a l  r e l a t i o n s h i p 1 . 3 5 X I I 1 . 4 0 X I I 1 . 3 5 X I I 1 . 4 3 X I I
D T r a n s f e r  s t a g e 2 . 1 1 II 2 . 2 5 I 2 . 7 0 I 2 . 5 8 I
6.4.1 Inception Stage
A ccording to  consultants (VI) and developers (IX) this group o f  delays w as o f  ‘m edium  
im portance’. Contractors and project m anagers, w ith the sam e (XI) group rank, ranked 
the group o f  delays to be o f  ‘low  im portance’. It w as noticed that p ro ject m anagers and 
contractors gave each variable in th is group h igher rank than that giT'en  by developers and 
consultants. The latter tw o parties w ere generally  not involved at th is stage and hence this 
response. The variable, ‘changes in p lann ing’ w as found to be the m ost im portant cause 
o f  delay at th is stage.
6.4.2 Planning & Design Stage
6.4.2.1 Planning & Design
A ccording to each category o f  respondents this group w as o f  ‘m edium  im portance’. 
H ow ever, the rank o f  the variables in th is group suggested that developers and 
consultants blam e each other fo r delays. The variable, ‘paym ents by developers to 
consultants’, w as given a low  rank  (66) by consultants them selves. C onsultants m ay
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th ink  that som e other variables caused by developers such as ‘decision m aking process
(6 )’ and ‘change o f  p lan  and design (10 )’ w ere m ore im portant causes than paym ent. 
D evelopers and project m anagers claim ed tha t the variable, ‘delayed com pletion o f  p lan  
and design by consultants (12)’, w as the m ost im portant cause in this group.
6.4.2.2 Government Relations
D evelopers w ith a  rating o f  III categorised th is group, dealing w ith governm ent related 
variables, as ‘high im portance’. C ontractors, consultants and p ro ject m anagers at V, IV  
and V II ratings respectively, considered th is group in the ‘m edium  im portance’ band. 
One th ird  o f  the developers gave the h ighest rating scale to the variable ‘obtaining 
planning perm ission’ and this w as ranked the th ird  m ost im portant variable by them  (3). 
This variable had also been given significant ranking by project m anagers (8) and 
consultants (15). D evelopers had to face enorm ous bureaucracy in  obtaining perm ission, 
w hich w as given high rank (16) by them . ‘Perm ission for gas, w ater, electricity’ w as 
given relatively h igher rank by contractors (6) than developers (18), consultants (19) 
and project m anagers (14). Lack o f  these kinds o f  perm ission could cause m ore 
interruption at the construction stage. In Lebanon, variables related to governm ent 
issues had been given high rank  by developers, and low  rank by  consultants and 
contractors (M ezher & Taw il, 1998); this w as because developers could  be in direct 
touch w ith  local and governm ent agencies.
6.4.3 Construction Stage
6.4.3.1 Material
This group was categorised in  the band o f  ‘m edium  im portance’ by pro ject m anagers 
(IV), contractors (VII) and developers (V III); how ever, consultants (XI) categorised it 
in  Tow  im portance’ band. It m ight not been  possible for developers and consultants to 
m onitor the procurem ent o f  each item  o f  m aterial except for im portant item s. The 
variable, ‘production o f  special m anufacture o f  building m ateria ls’, w as given a 
significantly  h igher rank by project m anagers (5) and contractors (12), because they 
w ere affected directly by it. D uring the survey there was a shortage o f  supply o f  a 
m aterial called ‘partition  blocks’ in  the m arket, w hich delayed m any projects. ‘Im ported 
m ateria l’ was given high rank by every  category o f  respondents. Lift, generator and few
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other special fittings w ere im ported item s and they can take significant tim e to be 
acquired. Invariably, contractors suffered due to shortage o f  m aterials, w hich therefore 
attracted a  rank o f  h igh im portance by them  (11). ‘D am age o f  m ateria ls’ w as given low  
im portance; no individual respondent gave it the highest rating. U sually , bu lk  am ount o f  
valuable construction m aterials, like cem ent, are not stored in advance a t construction 
sites to reduce dam age and w astage; but there could be significant w astage o f  relatively 
cheap m aterials, e.g. sand, as it w as kept in  open and insecure space. To reduce w astage 
and to counter lack o f  secured spaces, m ost bulk m aterials w ere supplied to the 
construction site w hen they w ere required; any kind o f  change or rep lacem ent o f  these 
m aterials could delay the w hole or a  part o f  the project. Shortage or delayed supplies o f  
m aterial occurred frequently. Therefore, shortage, changes in types and specifications o f  
m aterials w ere given significant im portant ranks by each category o f  respondents. Lack 
o f  m aintenance o f  updated m aterial inform ation and poor procurem ent system s caused 
delays in Lebanon (M ezher and Taw il 1998) and Saudi A rabia (A saf, A l-K halil and Al- 
H azm i, et al. 1995). In N igeria, shortages o f  m aterial were often quoted as a cause o f  
delay by contractors, w hich could be reduced by im proving designers’ know ledge o f  
m aterial usage and availability (O kpala and A niekw u 1988).
6.4.3.2 Manpower
Each category o f  respondents pu t this group in the band o f  ‘m edium  im portance’. 
P roject m anagers (VI) and developers (V) gave this group relatively  h igher rank than 
contractors (VIII) and consultants (IX). The variable, ‘shortages o f  labourers’, was 
given high rank (10) by both  developers and project m anagers, w ho blam ed contractors 
for m aking artificial shortages o f  labourers. Contractors indicated that daily  labourers 
w ere reluctant to w ork for developers and contractors w here rates o f  paym ent were low  
and irregular.
N orm ally , m igrant labourers live in cities w hilst their fam ilies stay back hom e in rural 
areas for financial reasons. N orm ally, trade contractors m ade part paym ents for the 
labourers as security to m ake sure that labourers did not leave w ithout giving proper 
notice. T raditionally  labourers w ere paid  their due w ages ju s t before religious festivals 
such as, E id-ul-F itr and Eid-ul-A dha to enable them  to return hom e to celebrate the 
festivals w ith  their fam ilies. Som etim es they w ere reluctant to  return  to w ork
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im m ediately after the festivals unless they run out o f  savings. Therefore, there w as a 
scarcity  o f  labourers after the tw o religious events every year.
N atural calam ities such as flood are com m on in B angladesh and it in terrupts the daily 
life. D ue to lack o f  m odem  com m unications facilities like telephone and internet, 
m igrant labourers cannot contact their fam ilies, w ho live in rem ote villages, 
im m ediately.. Therefore, m ost o f  the labourers from  affected areas travel to villages to 
see the condition o f  their fam ilies. The labourers w ould stay w ith  their fam ilies until the 
condition o f  the village life im proved. There could be shortages o f  labourers 
im m ediately after natural disasters.
The variable, ‘labourers’ sk ill’ w as given a significant rank by developers (17), 
consultants (18), project m anagers (24) and contractor (36). It w as w ell know n that 
B angladesh supplies unskilled constm ction  labourers to M iddle East and Far East 
countries (Sengupta 2000 & B M ET 2005). U sually, the skilled labourers, w ho gained 
experience abroad, w ere not engaged w ith the constm ction industry on their return 
hom e; rather, they involved them selves w ith som e other sm all business activities w ith 
the savings that they m ade overseas. Therefore, the constm ction industry w as not 
getting  the benefits o f  the im proved skill and productivity o f  these people w hen they 
returned to Bangladesh. The constm ction  industry is very labour intensive in 
B angladesh; and lack o f  physical fitness and sub-tropical clim ate caused low  
productivity.
6.4.3.3 Equipment
This group w as ranked in the Tow  im portance’ band by contractors (X), consultants (X) 
and developers (XI); but project m anagers (IX) put it in the ‘m edium  im portance’ band. 
C onstm ction  industry being considered very  labour intensive (m entioned in the above 
section) in B angladesh, th is group w as not so significant for tim e overruns as it is in 
Indonesia (K am ing, et al. 1997). The constm ction industry in B angladesh does not feel 
acute shortages o f  equipm ent as m anual w ork substitutes for it. A ccording to 
respondents, the use o f  heavy equipm ent could be viable in the long run; bu t m ost o f  the 
developers or contractors m ight not be able to afford high initial investm ents. In real 
estate constm ctions, m ost com m only used equipm ent are m ixer m achines, ro o f  hoists
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etc, w hich  are usually provided by  the developers. U sually, these m achines are made 
locally; and they give unreliable services. Therefore, the variable ‘equipm ent failure’ 
w as given a high rank by contractors (13).
6.4.3.4 Finance
This group w as put in the ‘h igh im portance’ band by all respondents, consultants (I), 
developers (II), project m anagers (II) and contractors (V). The variable, ‘non  or delayed 
paym ents by custom ers ’, w as found the prim e cause o f  delays. This variable w as given 
highest rating scale by 38 (34% ) respondents, w hile ‘bad deb t’ the least im portant 
variable.
Cash flow  played a vital role in construction delays, especially w ith sm all developers. 
C ustom ers’ paym ent is the ultim ate source for finance for real estate business in 
B angladesh. Irregular paym ent o f  instalm ents by custom ers could m ake developers’ 
paym ents to contractors, suppliers, consultants, and em ployers’ irregular. Therefore, 
indirectly  a developer m ight slow  dow n the project that could cause serious time 
overrun. A  slum p in the local share m arket in Bangladesh in  1997 caused serious 
problem s in  the real estate industry. Large developers could m anage to cover cash flow  
problem s by transferring finance from  other projects or businesses. O n a few  occasions, 
contractors w ere know n to not to pay  labourers regularly in spite o f  getting paym ents 
from  developers. H ow ever, finance did not appear to have any significant im pact on 
tim e overruns for high-rise projects in Indonesia (Kam ing, et al. 1997), though it was 
no t m entioned w hether the projects w ere public or private.
6.4.3.5 Changes
This group w as put in the ‘high im portance’ band by contractors (II) and project 
m anagers (III) and in the ‘m edium  im portance’ band by consultants (IV) and developers 
(VII). M ostly, contractors and pro ject m anagers w ere the sufferers due to m inor changes 
by developers and their agents, w hich caused huge tim e overruns cum ulatively at 
construction stage. Contractors often  found m inor design errors, w hich took  significant 
tim e to be rectified by the consultants. The contractors or project m anagers could  do the 2
2 Who buy flats
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necessary  corrections instantly, bu t they norm ally did not take the risk  due to restriction 
im posed by the developers and consultants. A borted w orks due to change o f  design and 
unskilled  labourers, also caused tim e overruns. The variable, ‘changes o f  contractors 
and engineers’, w as given a h igh  rank  by contractors (9) and consultants (11), because 
new  parties took  significant tim e to get used to the project. ‘U npredictable site 
condition’ w as given a h igh rank by  project m anagers (7) as it po tentially  dam aged their 
im age. D esign changes were found to be an im portant cause o f  tim e overruns in 
Indonesia (K am ing, et al. 1997) and Lebanon (M ezher and Taw il 1998).
6.4.3.6 Scheduling and Control
This group w as put in the ‘m edium  im portance’ band by contractors (VI) and 
consultants (VIII) and in the Tow  im portance’ band by the other tw o parties (X). The 
variable, ‘planning and scheduling deficiencies’, w as given the h ighest rating scale by 
38 respondents and consequently ranked 2, 2, 3 and 6 by contractors, consultants, 
project m anagers and developers respectively. M ezher and Taw il (1998) found Tack o f  
scheduling and controlling due to the shortage o f  professional construction m anagers’ to 
be a  very  im portant cause o f  delays in Lebanon. The variable, Tack o f  data base in 
estim ating activity  duration and resources’, w as given low  rank. In m odem  construction 
industry, updated databases are kept w ith  great care for future references. B ut the 
concerned parties in this survey w ere not used to keeping detailed updated databases. In 
m any occasions, especially by the new  developers; unrealistic activ ity  schedules w ere 
im posed on project m anagers and contractors. It w as know n during the survey that 
softw are related  to construction m anagem ent w as not used; few  consultants w ere only 
fam iliar w ith  few  design softw are item s. In Thailand, m ost contractors used  bar chart at 
site for p lanning and m onitoring (O gunlana, Prom kuntong and Jearkjirm  1996).
The health  and safety m onitoring system  in  the construction industry w as not found to 
be satisfactory. U sually, labourers w ork  w ith  m inim um  safety provision at construction 
sites, w hich often caused accidents; but hardly  caused significant delays as victim s were 
sim ply taken  o ff  from  work. The variable, ‘accident during construction’ w as given low  
rank. It w as said that insurance com panies were reluctant to be involved w ith 
construction industry due lack o f  safety m easures at construction sites and the overall 
quality  o f  construction industry. The variable, Tack o f  training personnel m anagem ent
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to m odel the construction operation m anagem ent’, w as given high  rank by contractors
(5); bu t m oderately ranked by o ther three parties. Introduction o f  basic train ing to the 
people w orking in  construction industry could reduce construction delays significantly 
at site level. The variable, ‘w aiting for sam ple m aterial approval’, w as ranked as 
relatively  m ore im portant by contractors (18), consultants (20) and p ro ject m anagers 
(30); because they felt that approvals o f  sam ple m aterials by  the developers w ere 
delayed.
6.4.3.7 Social and Environmental Issues
This group w as put in the ‘high im portance’ band by consultants (III) and  contractors 
(III) w hile  developer (IV) and p ro ject m anagers (V) pu t it in the ‘m edium  im portance’ 
band. T he im portant variables in  th is group w ere ‘bad w eather’ and ‘strike’. B angladesh 
is in sub-tropical zone w ith frequent flood and heavy rain during the m onsoon season, 
w hich interrupts norm al w orks o f  som e activities. Therefore, developers preferred to 
com plete earthw ork and foundation in the dry season. Frequent national strikes m ainly 
called by  opposition political parties jeopard ised  norm al work. D uring the survey m any 
respondents revealed that social issues such as, hoodlum s dem anding protection m oney, 
interrupted construction w ork though it depended to a large extent on a particular 
developers’ influence in the locality. B ad w eather played an im portant ro le especially, 
during excavation and m assive concrete works. Stacking m aterials, cutting and bending 
o f  reinforcem ent w ere norm ally carried out along roadside causing traffic congestions in 
the vicin ity  o f  construction site. In contrast in  Lebanon, delay due to  w eather found not 
significant (M ezher and Taw il 1998); the reason could be m ore m oderate w eather.
6.4.3.8 Contractual Relationship
A ll respondents put this group in the Tow im portance’ band w ith  the low est rank (XII). 
This group w as given high rank in  Saudi A rabia (Asaf, A l-K halil and A l-H azm i 1995) 
and L ebanon (M ezher and Taw il 1998). Project m anagers and consultants felt that the 
variable, ‘poor organisation o f  contractor and lack  o f  co-ordination o f  sub-contractors’ 
schedule’, could cause significant delays. A ccording to contractors, ‘negotiation o f  
contract’ w as a significant cause for delays. In few  occasions, slow  sale o f  flats m ade 
developers uncooperative and to slow  dow n the project.
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6.4.4 Transfer Stage
This group w as put in the ‘the h igh im portance’ band; developers, p roject m anagers and 
contractors gave it the highest rank w hile consultants pu t it at second highest. The 
variable, ‘non-com pliance o f  financial obligations by custom ers’ w as given highest 
rating scale on im portance by 70%  o f  overall respondents. A t th is stage, the projects 
w ere alm ost com pleted and the type o f  delays w as different. D ifferent flats w ere sold to 
different custom ers. B ut due to financial uncertainties o f  custom ers; significant num ber 
o f  flats m ight not have been transferred  to them  on due dates. This is because, 
custom ers w ere often over am bitious in deciding how  m uch they can afford w hen they 
planned to purchase a flat. Those custom ers fell short o f  m oney and m ay no t have 
show n interest to occupy the flat at th is project com pletion stage. Those custom ers w ere 
not w orried about com pletion o f  the project by the developers and they thought that 
they can occupy the flat w hen they w ere ready to pay the balance paym ents. This 
attitude could cause trem endous tim e overruns w ithout causing significant cost 
overruns. Flats required only final finishing w ork to get transferred to the custom ers; 
developers alw ays w anted to transfer the flats to custom er as soon as possible.
6.5 Correlation Tests
Spearm an’s rank correlation tests w ere carried out to m easure the strength o f  
associations betw een ranks o f  individual variables by the category o f  respondents and 
group ranks, and the results o f  the  tests that have been show n in Table 6.8 and Table 6.9 
respectively. The critical value3 4 o f  the coefficient o f  rank correlation, w ith 72 variables 
at p -value5 <0.05, w as higher than 0.232 (Janes 1999); and the coefficients o f  rank 
correlation for individual variables w ere found betw een 0.774 and 0.856 (Table 6.8), 
w hich w ere m uch higher than the critical value. Therefore, very strong associations o f  
individual variable ranks betw een different categories o f  respondents w ere found.
The critical value o f  correlation coefficient, w ith 12 groups at a  p-value <0.05, w as
0.587 (Janes 1999); and the rank correlation coefficients for groups w ere found betw een
0.696 and 0.863 (Table 6.9), w hich w as also significantly h igher than the critical value.
3 In Spearman’s rank correlation test P-value is a measure o f  the relationship between two variables.
4 When doing a hypothesis test, a critical value can be used to decide to accept or reject a null hypothesis.
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Table 6.8: Correlation Coefficient for Individual Variable Ranks
C orrelation significant at P<0.05 (n=72)
C onsultant Contractor D eveloper
C ontractor
0.827
0.000*
D eveloper
0.856
0.000*
0.827
0.000*
Project M anager
0.774
0.000*
0.839
0.000*
0.811
0.000*
* P-value
Table 6.9: Correlation Coefficients for Group Ranks
C orrelation significant at P<0.05 (n=12)
C onsultant Contractor D eveloper
C ontractor
0.754
0.005*
D eveloper
0.800
0.002*
0.681
0.015*
Project M anager
0.696
0.012*
0.854
0.000*
0.863
0.000*
* P-value
It revealed that strong associations existed in group ranks betw een different categories 
o f  respondents. It could be w orth  m entioning here that individual variables were 
deduced from  the original RII, w hereas group ranks w ere found by m anipulating the RII 
values. Therefore, the individual variable ranks could be m ore authentic than  group 
ranks.
6.6 Cost Overruns
Sim ilar technique as applied for the  TO V  had been applied for the analysis o f  the COV. 
Equation 6.1 w as used to calculate RII to rank the COV. The ex tra  costs incurred for 
individual COV were also collected in the local currency, Taka in  lac (1 m illion  = 1 0  
lac), w hich w as converted in  percentage using the follow ing Equation 6.3: 5
5 P-value is used in hypothesis tests where you reject or fail to reject null hypothesis. The smaller the P -  value, the smaller is the 
probability that you would be making a mistake by rejecting the null hypothesis.
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(C O V )i=  V O V ) i *  1 °° (Equation 6.3)
(CO V )i =  %  o f  cost overrun o f  j th  project due to ith  TO V  
(TOV)i = Cost overrun in  Taka in  Lac due ith TOV 
(TEC)j =  Total estim ated cost o f  j th  project in Taka in Lac
The results o f  the analysis o f  C O V  have been show n in Table 6.10. U nlike the tables 
show ing the results o f  TOV, an additional colum n was inserted in  Table 6.10 to 
accom m odate %  o f  cost overruns for individual COV.
6.6.1 Results and Discussions
The follow ing discussions have been deduced from  Table 6.10. 
Table 6.10: RII and Rank of COV by Developers
N o V a r i a b l e s
S c a l e
R I I R a n k
C o s t
O v e r r u n
( % )
5  4 3  2 1
M o s t  ◄-----------------► l e a s t
N o  o f  R e s p o n d e n t s
1 I n f l a t i o n 2 3 4 2 4 . 7 2 1 5 . 1 1
2 P r i c e  f l u c t u a t i o n  o f  m a t e r i a l s 2 3 2 3 1 4 . 5 9 2 4 . 5 9
3 F i x e d  o v e r h e a d  c o s t  f r o m  d e l a y s 1 6 1 6 5 1 3 .0 3 3 0 .9 2
4
F r a u d u l e n t  p r a c t i c e s  a n d  
K i c k b a c k s
7 7 4 1 1 0 3 .0 0 4 0 . 4 2
5 S h o r t e n i n g  o f  c o n t r a c t  p e r i o d 2 6 7 7 7 2 . 6 2 5 0 .0 0
6 E r r o r s  i n  e s t i m a t i n g 3 1 1 7 8 1 . 9 7 6 0 .2 6
7 I n s u r a n c e 1 1 5 1 0 1 2 1 .9 3 7 0 . 0 1
8 P i l f e r i n g  o f  m a t e r i a l s 6 9 1 4 1 . 7 2 8 0 .2 5
9 D a m a g e  o f  m a t e r i a l s 1 1 2 8 1 7 1 . 6 6 9 0 . 1 0
1 0 W a s t a g e  o f  m a t e r i a l s 1 1 5 1 2 1 1 . 6 2 1 0 0 . 2 2
1 1 L a b o u r  c o s t  i n c r e a s e 1 2 2 3 2 1 1 . 5 9 1 1 0 .3 5
1 2 U n a v a i l a b i l i t y  o f  l a b o u r 2 2 3 2 2 1 . 4 5 1 2 0 .0 5
1 3 B u r e a u c r a c y 2 8 1 9 1 . 4 1 1 3 0 . 8 7
1 4 P o o r  f i n a n c i a l  c o n t r o l  o n  s ite 1 3 3 2 2 1 . 4 1 1 4 0 . 1 7
1 5 D i s p u t e s  o n  s ite 3 1 2 5 1 . 3 8 1 5 0 .0 6
1 6 E f f e c t s  o f  w e a t h e r 1 3 2 5 1 . 3 4 1 6 0 .3 3
1 7 L i t i g a t i o n 8 2 1 1 . 2 8 1 7 0 . 0 1
1 8 F l u c t u a t i o n  o f  t r a n s p o r t a t i o n  c o s t 1 2 1 2 5 1 . 2 8 1 8 0 .3 5
1 9 F r e q u e n t  d e s i g n  c h a n g e s 1 4 2 4 1 . 2 4 1 9 0 .4 5
2 0 A b s e n c e  o f  c o n s t r u c t i o n  c o s t  d a t a 1 2 2 6 1 . 1 4 2 0 0 . 1 9
2 1 I m p r o p e r  p l a n n i n g 2 2 7 1 . 0 7 2 1 0 . 1 1
2 2
S l o w n e s s  o f  d e v e l o p e r s  d e c i s i o n  
m a k i n g
2 9 1 . 0 0 2 2 0 . 1 6
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A ccording to the survey result, each o f  the tw o variables, ‘in fla tion’ and ‘m aterial price 
fluctuation’ individually  caused about 5%  cost overruns. O n average 80%  developers 
gave each o f  the variables highest ra ting  scale. In the 1990s the econom y o f  B angladesh 
w as m ore stable com pared to other countries in  the South A sian region w ith  an average 
annual inflation rate o f  5.4%  from  1994 to 1998 (European C om m ission 2000). Price o f  
certain  m aterials, m ainly cem ent, could  rise abruptly due to  inadequate production or 
supply. U ntil the m iddle o f  1990s there w ere only tw o public ow ned cem ent factories, 
w hich w ere m ainly used to m eet dem ands o f  public construction w ork. T he rest o f  the 
dem and for cem ent w as m et by im ported  cem ent m ainly from  Indonesia, C hina and 
H ong-K ong. It has been accepted tha t the  perform ance o f  local cem ent w as better than 
im ported cem ent, and this fact encouraged entrepreneurs to establish  new  local cem ent 
factories in  recent years. Reputable high-rise developers use local cem ent even though 
the price w as h igher than the im ported cem ent. H ow ever, the price o f  local cem ent 
fluctuates in  w inter due to excessive dem and, w hile the price o f  sand could  go high in 
the rainy season. Price o f  reinforcem ent and bricks did no t suffer from  such 
fluctuations. T im ber w as found to be com paratively expensive in  B angladesh. M aterial 
p rice fluctuation due to inflation w as also show n to be a m ajor cause in Indonesia for 
cost overruns (K am ing, a t el. 1997) and N igeria  (E linw a and B uba 1993).
The overhead cost w as fairly low, because only few  em ployees w ere em ployed directly 
by developers. G enerally several projects w ere m anaged by  one project m anager to 
reduce cost. D elays at transfer stage did not cause significant overhead cost, because 
only a  few  low  paid security s ta ff w ere em ployed at that stage. Perm issions and red tape 
bureaucracy in governm ent and public  offices, in the form  o f  ‘satisfaction’ dem anded 
by officials, caused extra costs.
It has been already m entioned in  section 6.4.3.7 o f  this chapter that B angladesh is in a 
sub-tropical zone w ith  frequent flood and heavy rain  during the m onsoon season, w hich 
could cause significant cost overruns. K am ing et al. (1997) found environm ental factors 
caused the m ain cost overrun in N igeria. F requent strikes and other industrial action 
also caused extra transport costs. The areas where access o f  heavy vehicles was 
restricted in  peak hours could result in  additional costs to deliver m aterials at other tim e.
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M aterials like sand, reinforcing bars, stones, bricks etc were kept along the roadside due 
to  lack o f  provision o f  adequate sheltered storage arrangem ent at the construction site, 
w hich encouraged sm all scale pilfering. In  developing countries, the m ain  costs o f  
construction projects are incurred through m aterials. Therefore, authorities w ere careful 
about dam age and w astage o f  m aterials. U nskilled labourers w ere readily  available at 
m oderate cost except for certain periods such as, im m ediately after religious festivals. 
H ow ever, abortive w orks due to lack o f  skills and supervisions could  cause som e extra 
costs.
D ue to the lack o f  m aintenance o f  a  proper cost database system , a  rough lum p sum  
estim ating and costing w ere practised based on per unit o f  floor area, w hich could result 
in a significant difference betw een total estim ated costs and to tal actual costs at the end 
o f  a  project.
6.6.2 Low Cost Overruns
In this prelim inary analysis, fairly low  cost overruns were found in com parison w ith 
tim e overruns. The m ain  hidden reasons speculated for low  cost overruns are as follows:
o Low  overhead cost
•  A lm ost no bank loans by developers
•  Low  inflation
It has been m entioned in section 6.4.3.4 o f  th is chapter that the  cash flow  o f  real estate 
industry in B angladesh is m ainly run  by the custom ers’ dow n paym ents and instalm ents. 
N orm ally, loans are taken by custom ers against apartm ents. Therefore, the  custom ers 
instead o f  developers m ay have significant cost overruns due to tim e overruns. 
Eventually the cost overrun, due to  tim e overrun, is borne by the custom ers. This 
phenom enon m ay encourage developers m aking tim e overruns. Low  overhead cost can 
also encourage tim e overruns. H ow ever, further research needs to be carried  out to 
investigate low  cost overruns.
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6.7 S u m m a ry
R espondents o f  developers’ category took  the m ost tim e to be interview ed. Contractors 
w ere found w ith  the highest w ork experience. Surrounding social environm ent is the 
prim e criterion in project location selection. A bout one-third developers started on their 
ow n land at the  starting o f  their business.
T he ranks o f  the TO V  had been show n individually  in Table 6.6 and the group ranks are 
show n in Table 6.7 according to category o f  respondents. Individual im portant COV 
w ere found in  different groups o f  TO V . It w as found that an overall group m ight be as 
im portant as its individual TOV and vice versa. During the survey, respondents w ere 
asked directly to  respond their perception  on  a linear scale for individual variables 
rather than the group. H ow ever, ‘cash flo w ’, ‘planning & schedu ling’ and ‘design 
changes’ w ere found to be the m ost im portant TOV (Table 6.6). A pplication o f  
Spearm an’s rank  correlation found very  strong associations betw een the rankings o f  
different category o f  respondents (Table 6.8); significant associations w ere also found 
betw een group rank correlations (Table 6.9).
The prelim inary analysis o f  COV show ed negligible low  cost overruns in com parison to 
tim e overruns. Therefore, it was decided no t to carry out any further analysis o f  cost 
overruns in th is research projects.
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Chapter 7 
FIRST SURVEY 
DATA ANALYSIS: SECTION 2 
FACTOR ANALYSIS
7.1 Introduction
C onstruction is a  high investm ent business involving large num ber o f  risks. To survive 
in  the highly com petitive environm ent, it is im perative to perceive and control these 
risks. The feeling in the construction industry is, it w ould be easier to control the risks, 
i f  their num ber can be reduced. Factor analysis1 2, an interdependence technique o f  
m ultivariate statistics , can reduce the num ber o f  risks w ith  m inim um  loss o f  
inform ation, to obtain realistic understanding for decision m aking (G atty 1966). 
A ccording to Hair, et al. (1995), factor analysis can be used to analyse interrelationships 
am ong a large num ber o f  variables and to explain these variables in term s o f  their 
underlying dim ensions (factors). The objective o f  using factor analysis in this chapter is 
to find a w ay o f  condensing the inform ation, contained in a num ber o f  original 
variables, into a  sm aller set o f  variables (factors), w ith a  m inim um  loss o f  inform ation.
7.2 Segregation of Variables
D uring the data analysis, SPSS, SAS, M initab etc were the softw ares m ainly  available 
in  the m arket for m ultivariate analysis. M initab w as the only softw are that w as available 
in  the university  com puter system , w hich could help in the data analysis purpose o f  this 
research project. So, it w as decided to use M initab. But, the  m ost updated version o f  
M initab available during period o f  data analysis, M initab 12, could no t run factor 
analysis w ith all the delay variables available in the construction stage. H ow ever, this 
should not lim it the validity o f  the outcom e as the inclusions o f  variables, w hich have 
sm all contribution, can m ake the data  overfitting in m ultivariate analysis (S tevens
1992). Therefore, attem pts w ere m ade to ascertain w hether to discard unim portant 
variables.
1 Statistical approach that can be used to analyses interrelationships among a large number o f  variables and to explain these 
variables in terms o f  their underlying dimensions (factors).
2 Analysis o f  multiple variables in a single relationship or set o f  relationships.
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T able 7.1: R II and R ank o f  T O V  by A ll R espondents
N o V a r i a b l e s
S c a l e  ( S i )
R I I R a n k
5 4 3 2 1
M o s t  ^  ► l e a s t
N o  o f  R e s p o n d e n t s  (Nj)
A Inception stage
A , P l a n n i n g 6 0 2 6 9 5 1 . 3 1 5 1
A  2 S u r v e y i n g 4 0 2 8 9 5 1 . 2 6 5 8
A  3 L a n d  a c q u i s i t i o n 6 2 3 3 9 5 1 . 3 6 4 6
A  4 C h a n g e  o f  p l a n n i n g 1 3 9 1 1 4 7 2 1 . 9 6 1 3
B Planning and design stage
B, P l a n n i n g  &  d e s i g n  r e l a t e d
B , . , D e l a y e d  s o i l  i n v e s t i g a t i o n 1 2 8 0 9 8 1 . 2 4 6 0
B j.2 C l i e n t 's  d e c i s i o n  m a k i n g 1 2 7 8 5 8 4 1 .8 3 2 0
B , . 3
I n s u f f i c i e n t  c o m m u n i c a t i o n  b e t w e e n  t h e  o w n e r ( s )  a n d  
t h e  c o n s u l t a n t ( s )
0 2 2 1 1 1 7 6 1 . 5 4 3 2
Bj.4 D e l a y e d  c o m p l e t i o n  o f  p l a n n i n g  a n d  d e s i g n 4 1 4 1 8 7 6 6 1 .9 3 1 5
B,.5 C h a n g e  o f  p l a n n i n g  &  d e s i g n  b y  c l i e n t 7 1 0 1 6 1 0 6 6 1 . 9 2 1 6
B j.6 F i n a n c i n g  b y  c l i e n t  t o  p l a n n e r  &  d e s i g n e r 2 7 1 2 9 8 1 . 3 0 5 4
b 2 G o v e r n m e n t  r e l a t i o n s
B 2 .I O b t a i n i n g  p l a n n i n g  a n d  d e s i g n  p e r m i s s i o n 2 3 1 1 5 4 6 6 2 . 2 8 7
B 2 .2 O b t a i n i n g  p e r m i s s i o n  f o r  g a s , w a t e r  a n d  e l e c t r i c i t y 1 4 1 0 1 1 6 6 8 2 . 0 5 1 1
B 2 .3 O b t a i n i n g  p e r m i s s i o n  f o r  r o a d  c u t t i n g 1 4 5 1 5 8 4 1 . 3 8 4 5
B 2 .4 E x c e s s i v e  b u r e a u c r a c y 7 3 7 6 8 6 1 . 5 2 3 4
C Construction stage
c, M a t e r i a l
Cl 1 S l o w  d e l i v e r y  o f  m a t e r i a l s 4 2 1 0 6 8 7 1 . 4 4 3 8
C 1 .2 S h o r t a g e  o f  c o n s t r u c t i o n  m a t e r i a l s 1 0 1 0 1 0 7 1 . 0 6 7 0
C 1 .3 D a m a g e  o f  m a t e r i a l s  i n  s t o r a g e 0 1 4 2 1 8 3 1 . 2 9 5 5
C 1 .4
M a t e r i a l  c h a n g e s  i n  t y p e s  a n d  s p e c i f i c a t i o n s  d u r i n g  
c o n s t r u c t i o n
2 9 1 8 2 0 6 0 1 . 8 0 2 5
Cl.5 D e l a y  d u e  t o  q u a l i t y  o f  m a t e r i a l s 2 7 2 6 2 2 5 3 1 . 9 4 1 4
C 1 .6 M a t e r i a l  p r i c e  e s c a l a t i o n 0 6 9 1 2 8 2 1 . 4 4 3 9
C 1 .7 I m p o r t e d  m a t e r i a l s 1 1 1 4 1 3 5 6 7 2 . 0 6 1 0
C 1 .8
D e l a y  i n  t h e  p r o d u c t i o n  o f  s p e c i a l  m a n u f a c t u r e  o f  
b u i l d i n g  m a t e r i a l s
1 1 3 1 9 9 6 7 1 .8 3 2 1
C 2 M a n p o w e r
C 2 .1 S h o r t a g e  o f  l a b o u r 3 1 3 2 7 3 6 3 1 . 9 9 1 2
C 2 .2 L a b o u r  s k i l l 8 3 1 5 1 8 6 4 1 . 8 1 2 4
C 2 .3 L a b o u r  p r o d u c t i v i t y 1 0 4 9 9 5 1 . 1 9 6 4
c3 E q u i p m e n t
C 3 .1 S l o w  d e l i v e r y  o f  e q u i p m e n t 0 1 1 0 1 9 7 9 1 . 3 9 4 3
C 3 .2 E q u i p m e n t  s h o r t a g e 3 4 9 1 3 8 0 1 . 5 1 3 5
C 3 .3 E q u i p m e n t  f a i l u r e 0 3 2 4 2 7 5 5 1 . 7 7 2 8
C 3 .4 E q u i p m e n t  p r o d u c t i v i t y 0 4 6 2 4 7 5 1 . 4 4 4 0
C 3 .5 U n s k i l l e d  o p e r a t o r s 0 0 8 2 0 8 1 1 . 3 3 5 0
c4 F i n a n c i n g
C 4 .1 F i n a n c i n g  b y  c o n t r a c t o r  d u r i n g  c o n s t r u c t i o n 5 1 3 7 2 1 6 3 1 . 8 6 1 9
C 4 .2 D e l a y s  i n  c o n t r a c t o r s '  p r o g r e s s  p a y m e n t  b y  o w n e r s 8 5 1 4 1 1 7 1 1 . 7 9 2 6
C 4 .3 C a s h  f l o w  p r o b l e m  d u r i n g  c o n s t r u c t i o n 2 3 3 1 8 8 5 7 2 .3 3 6
C 4 .4 N o n  o r  d e l a y e d  p a y m e n t s  o f  i n s t a l m e n t s  b y  c u s t o m e r s 3 8 1 3 8 7 4 3 2 . 9 6 3
C 4 .5 B a d  d e b t s 0 0 0 0 1 0 9 1 . 0 0 7 2
c5 C h a n g e s
C 5 .1
D e s i g n  c h a n g e s  b y  o w n e r s  o r  t h e i r  a g e n t s  d u r i n g  
c o n s t r u c t i o n
2 1 1 7 2 7 1 3 3 1 2 . 8 5 4
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N o V a r i a b l e s
S c a l e  ( S i )
R I I R a n k
5 4 3 2 1
M o s t  * ------------ ► l e a s t
N o  o f  R e s p o n d e n t s  ( N j )
C 5 .2 D e s i g n  e r r o r s  m a d e  b y  d e s i g n e r 2 5 1 9 3 9 4 8 1 . 8 6 1 8
C 5 .3 C h a n g e  o f  c o n t r a c t o r ( s ) ,  s u b - c o n t r a c t o r ( s )  o r  e n g i n e e r s 5 7 1 2 2 9 5 1 1 . 8 2 2 2
C 5 .4 E r r o r s  c o m m i t t e d  d u r i n g  c o n s t r u c t i o n 3 4 1 2 2 8 6 4 1 . 7 9 2 7
C 5 .5
U n p r e d i c t a b l e  s i t e  ( g e o l o g i c a l ,  w a t e r  t a b l e  e t c .)  
c o n d i t i o n s
3 4 8 4 9 1 1 . 3 1 5 2
C 5 .6 M i s t a k e s  i n  s o i l  i n v e s t i g a t i o n 0 0 2 3 1 0 4 1 . 0 6 6 8
c6 S c h e d u l i n g  a n d  c o n t r o l 0 0 0 0 0
Q . i P r e p a r a t i o n  a n d  a p p r o v a l  o f  s i t e / s h o p  d r a w i n g s 0 7 1 5 8 4 1 .3 5 4 8
Q . 2 W a i t i n g  f o r  s a m p l e  m a t e r i a l  a p p r o v a l 4 4 1 6 2 1 6 4 1 . 7 4 2 9
Q .3 P l a n n i n g  a n d  s c h e d u l i n g  d e f i c i e n c i e s 3 8 1 3 1 4 4 4 0 3 .0 5 2
^ 6.4
L a c k  o f  t r a i n i n g  p e r s o n n e l  m a n a g e m e n t  s u p p o r t  t o  
m o d e l  t h e  c o n s t r u c t i o n  o p e r a t i o n s
9 1 0 2 4 8 5 8 2 . 1 2 9
Q .5
L a c k  o f  d a t a  b a s e  i n  e s t i m a t i n g  a c t i v i t y  d u r a t i o n  a n d  
r e s o u r c e s
1 4 1 1 1 9 2 1 . 2 7 5 7
Q . 6
J u d g e m e n t  a n d  e x p e r i e n c e  o f  t h e  i n v o l v e d  p e o p l e  i n  
e s t i m a t i n g  t i m e  a n d  r e s o u r c e s
0 0 0 1 0 9 9 1 . 0 9 6 6
^ 6.7 I n s p e c t i o n  a n d  t e s t i n g  p r o c e d u r e  u s e d  i n  t h e  p r o j e c t 0 2 5 2 2 8 0 1 . 3 5 4 9
^ 6 .8 A c c i d e n t s  d u r i n g  c o n s t r u c t i o n 3 0 6 9 9 1 1 . 3 0 5 3
^ 6 .9
T y p e  o f  c o n t r a c t  u s e d  ( d e s i g n - b u i l d ,  g e n e r a l  
c o n t r a c t i n g ,  t u r n  k e y . . . e t c . )
0 5 2 8 9 4 1 . 2 5 5 9
^ 6 .1 0 A p p l i c a t i o n  o f  q u a l i t y  c o n t r o l 0 2 1 2 2 6 6 9 1 . 5 1 3 6
C ^ l l I n a d e q u a t e  e a r l y  p l a n n i n g  o f  t h e  p r o j e c t 0 0 2 3 1 0 4 1 . 0 6 6 7
C 7 S o c i a l  a n d  e n v i r o n m e n t a l  i s s u e s 0 0 0 0 0
C 7 .I B a d  w e a t h e r  c o n d i t i o n  a t  c o n s t r u c t i o n  s i t e 4 1 3 3 8 2 9 2 5 2 . 4 7 5
C 7 .2 I n s u f f i c i e n t  u t i l i t i e s  a v a i l a b l e  o n  c o n s t r u c t i o n  s i t e 4 6 2 1 1 4 5 9 1 . 7 3 3 0
C 7 .3 S o c i a l  a n d  c u l t u r a l  f a c t o r s 0 J 1 3 1 9 7 4 1 . 5 0 3 7
C 7 .4 S t r i k e / d i s r u p t i o n 1 1 1 0 2 1 2 2 4 5 2 . 2 7 8
C 7 .5 U n p r e d i c t a b l e  o r  c a t a s t r o p h i c  e v e n t s 1 6 1 0 5 8 7 1 .4 3 4 1
c8 C o n t r a c t u a l  r e l a t i o n s h i p 0 0 0 0 0
Q . i U n c o o p e r a t i v e  o w n e r s 1 1 3 1 0 5 8 0 1 . 7 2 3 1
C s .2 T h e  j o i n t  o w n e r s h i p  o f  t h e  p r o j e c t 1 0 1 0 1 0 7 1 . 0 6 6 9
C s .3 S l o w n e s s  o f  t h e  o w n e r  d e c i s i o n  m a k i n g  p r o c e s s 0 1 3 2 3 8 2 1 . 2 9 5 6
C s .4 P o o r  o r g a n i s a t i o n  o f  t h e  c o n t r a c t o r  o r  c o n s u l t a n t 3 1 0 1 7 2 3 5 6 1 . 9 0 1 7
Q .5
T h e  r e l a t i o n s h i p  b e t w e e n  s u b c o n t r a c t o r s '  s c h e d u l e s  i n  
t h e  e x e c u t i o n  o f  t h e  p r o j e c t s
0 4 2 8 2 0 5 7 1 . 8 1 2 3
C s .6 C o n f l i c t  b e t w e e n  c o n t r a c t o r ( s )  a n d  c o n s u l t a n t ( s ) 0 0 0 3 1 0 6 1 .0 3 7 1
0-8.7
D i f f i c u l t y  o f  c o - o r d i n a t i o n  b e t w e e n  v a r i o u s  p a r t i e s  
( c o n t r a c t o r ,  s u b - c o n t r a c t o r ,  o w n e r  c o n s u l t a n t )  w o r k i n g  
o n  t h e  p r o j e c t
1 1 6 2 2 7 9 1 . 3 8 4 4
0-8.8 L e g a l  d i s p u t e s  b e t w e e n  v a r i o u s  p a r t i e s  i n  t h e  c o n s t r u c t i o n  p r o j e c t 1 1 5 7 9 5 1 . 2 2 6 3
C s .9
C o n t r o l l i n g  s u b - c o n t r a c t o r s  b y  g e n e r a l  c o n t r a c t o r s  i n  
t h e  e x e c u t i o n  o f  w o r k
0 0 5 1 4 9 0 1 . 2 2 6 1
C s .l O
U n a v a i l a b i l i t y  o f  f i n a n c i a l  i n c e n t i v e s  f o r  c o n t r a c t o r  t o  
f i n i s h  a  h e a d  o f  s c h e d u l e
0 0 6 1 1 0 2 1 . 1 2 6 5
C8.ll N e g o t i a t i o n  a n d  o b t a i n i n g  c o n t r a c t s 0 0 1 0 1 8 8 1 1 . 3 5 4 7
C8.12 U n a v a i l a b i l i t y  o f  p r o f e s s i o n a l  c o n s t r u c t i o n  m a n a g e m e n t  e x p e r t i s e 0 7 9 7 8 6 1 . 4 2 4 2
D Transfer stage
D , N o n  c o m p l i a n c e  b y  f i n a n c i a l  o b l i g a t i o n s  b y  c u s t o m e r s 7 7 3 2 1 2 6 3 .9 5 1
d 2 D e f a u l t  b y  c o n t r a c t o r s 0 2 1 2 2 8 6 7 1 .5 3 3 3
d 3 D e f a u l t  b y  d e v e l o p e r s / c l i e n t s 0 3 5 4 9 7 1 . 2 2 6 2
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A nalysis in the previous chapter through ranking o f  variables by category o f  
respondents show ed that m any variables w ere no t regarded significantly  im portant to 
m ake delays. A  scree graph is a  com m on technique to segregate significant im portant 
and unim portant variables (D eC oster 1998). In the previous chrp ter, ranks o f  tim e 
overrun variables were carried ou t separately by different category o f  respondents. 
R anking o f  tim e overrun variables has been carried out, regardless o f  the category o f  
respondents, using Equation 6.1. The com bined ranks o f  all the 72 variables have been 
show n in Table 7.1. The sam e percentage o f  respondents scoring up to a  certain  level o f  
scale, as used in the previous chapter, has been applied to avoid problem  w ith  variables 
having the sam e RII.
RII values obtained from  Table 7.1 w ere used to produce the scree graph show n in 
Figure 7.1. The scree graph show ed a  sudden drop o f  RII value after the  31st m ost 
im portant variable and therefore only those variables w ith a  RII value above th is point 
w ere retained and used for further analysis. Individually, the discarded variables w ere 
no t significantly  im portant for causing delays. H ow ever, it w as not possib le to  find out 
how  m uch it could have influenced collectively on tim e-overruns. Separately, the 31 
m ost im portant variables have been show n in Table 7.2. These variables w ere subjected 
to factor analysis, to group them  into interpretable them es.
Figure 7.1: Scree Graph of RII Values of All 72 
Delay Variables
Im portan t variables U n im portan t variables
4
<oac N ote: Sudden drop o f
0  1 0  2 0  3 0  4 0  5 0  6 0  7 0
R ank  O rder
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T able 7.2: Im portant D elay V ariables
N o . I m p o r t a n t  V a r i a b l e s R I I R A N K
A I n c e p t i o n  s t a g e
A  4 C hange o f  planning 1.96 13
B P l a n n i n g  a n d  d e s i g n  s t a g e
B, P l a n n i n g  &  d e s i g n  r e l a t e d
B j.2 Client's decision  making 1.83 20
B j.4 D elayed  com pletion o f  planning and design 1.93 15
B,.5 C hange o f  planning & design by client 1.92 16
b 2 G o v e r n m e n t  r e l a t i o n s
b 2.1 Obtaining planning and design  perm ission 2 .28 7
B 2 .2 Obtaining perm ission for gas, water and electricity 2.05 11
c C o n s t r u c t i o n  s t a g e
C , M a t e r i a l
C 1.4 Material changes in types and specifications during construction 1.80 25
C 1.5 D elay due to quality o f  materials 1.94 14
C 1.7 Imported materials 2 .06 10
c2 M a n p o w e r
C 2.1 Shortage o f  labour 1.99 12
C 2 .2 Labour skill 1.81 24
C3 E q u i p m e n t
C 3.3 Equipm ent failure 1.77 28
c4 F i n a n c i n g
C4.1 Financing by contractor during construction 1.86 19
C 4 .2 D elays in contractors' progress paym ent by owners 1.79 26
C 4 3 Cash flow  problem during construction 2.33 6
C 4 .4 N on or delayed payments o f  instalm ents by customers 2 .96 3
C 5 C h a n g e s
C 5.1 D esign  changes by owners or their agents during construction 2.85 4
C 5 .2 D esign  errors made by designer 1.86 18
C 5.3 C hange o f  contractors), sub-contractor(s) or engineers 1.82 22
C 5 .4 Errors com m itted during construction 1.79 27
C6 S c h e d u l i n g  a n d  c o n t r o l
C6.2 W aiting for sam ple material approval 1.74 29
C6.3 Planning and scheduling deficiencies 3.05 2
^6.4
Lack o f  training personnel m anagem ent support to m odel the construction  
operations
2.12 9
C 7 S o c i a l  a n d  e n v i r o n m e n t a l  is s u e s
C 7.1 B ad weather condition at construction site 2 .47 5
C 7 .2 Insufficient utilities available on construction site 1.73 30
C 7 .4 Strike/disruption 2 .27 8
c8 C o n t r a c t u a l  r e l a t i o n s h i p
Cs.l U ncooperative owners 1.72 31
Cs.4 Poor organisation o f  the contractor or consultant 1.90 17
C8.5
The relationship between subcontractors' schedules in the execution o f  the 
projects
1.81 23
D T r a n s f e r  s t a g e
D , N on com pliance by financial obligations by customers 3.95 1
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7.3 Factor A nalysis
The im portance o f  a factor is the variance in  the data it explains, w hich is m easured by 
its eigenvalue . Factors w ith  eigenvalues greater than  one are usually  considered to be 
im portant and retained. Factor analysis w as applied to the 31 im portant variables in 
Table 7.2, according to the  stages and regardless o f  group. It could  not be used in the 
inception and transfer stages, because there w as only one variable in  each o f  these two 
stages. There w ere 3 and 9 factors, w ith  eigenvalues greater than one, extracted  from  the 
planning & design and the construction stages respectively.
Factor analysis arranges the factors in decreasing order o f  im portance. For exam ple, 
factor PDDF1 is m ore im portant than other tw o factors at p lanning & design stage in 
Table 7.3. Factor loadings2 *4 are used to assess the contribution o f  particu lar variables to 
the  factor. Factor loadings greater than ±  0.30 are considered as m inim al level; loadings 
o f  ±  0.40 are considered m ore im portant and loadings ±  0.50 or greater are practically  
significant (H air et. al. 1995). C onsidering the purpose o f  the research, factors having 
loadings o f  ±  0.50 o r m ore w ere included in the factor analysis. Table 7.3 show s all 31 
variables in Table 7.2 except ‘delays in contractors’ progress paym en t’, in the 
construction stage, ranked 26. This is the only variable factor w ith loading less than 0.5.
Each variable contributes to the respective factor according to the num erical value o f  
factor loading. The h igher the absolute value o f  factor loading, the  m ore the variable 
contributes to that factor. For exam ple, in Table 7.3, there are tw o variables ‘obtaining 
perm ission for gas, w ater and electricity’ and ‘obtaining planning & design perm ission’ 
under the factor “PD D F1: perm ission” ; the factor loadings for these are 0 .876 and 0.630 
respectively. The variable ‘obtaining perm ission for gas, w ater and electricity’ has a 
h igher factor loading, and so contribute m ore to the factor than the o ther variable 
‘obtaining planning & design perm ission’. E igenvalues and percentage o f  variances5 are 
show n at the bottom  o f  Table 7.3. F or exam ple, the single factor PDD1 explains 29.1%  
o f  the variance in cause o f  delays at planning and design stage; w hile three factors at 
p lanning and design stage could together explain 72.9%  variance at th is stage.
2 Sum of squared loadings in a column. It represents the amount variance accounted for by a factor.
4 Factor loading is the co-relation between the original variables and the factors. Rotations are used for manipulation and adjustments of factor axes to achieve rotated factor loading for simpler and pragmatically more meaningful factor solutions.5 Variance is a measure of how far data are spread about the mean. Simple variance equals the standard deviation squared.
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7.3.1 N am ing o f  Factors
N am es have been assigned to  extracted factors. The factor nam es should be b rie f and 
com m unicate the nature o f  the underly ing construct (Trochim  1999). The tw elve 
extracted factors could be interpreted under the follow ing nam es based on  the result o f  
the factor analysis as show n in Table 7.3.
A. Inception stage
IDF1: Change o f  initial planning
B. Planning and design stage
PDDF1: Perm issions 
PDDF2: Change o f  plan 
PDDF3: Client's decision-m aking
C. Construction stage
CDF1: Strategic m anagem ent
CDF2: Selection o f  consultant & contractor
CDF3: Site m anagem ent
CDF4: Cash flow
CDF5: L abour paym ent
CDF6: C onstruction error
CDF7: D isruption
CDF8: W eather
CDF9: O w ners’ co-operation
D. Transfer stage 
TDF1: C ustom ers’ paym ents
7.3.2 Interpretation of Factors
The follow ing discussion about the factors is based on Table 7.3. The num erical values 
in parenthesis, in the colum n o f  variables o f  Table 7.3, represent overall rank o f  each 
variable.
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Table 7.3: V arim ax R otated Factor M atrix; E xtraction  M ethod: Principle C om ponent A nalysis; E igenvalues > 1.0, Factor Loadings > ±  0.50
Factors Variables IDFl PDDF1 PDDF2 PDDF3 CDFI CDF2 CDF3 CDF4 CDF5 CDF6 CDF7 CDF8 CDF9 TDFl
IDF1: Change of 
initial planning
A. Inception stage
Change of planning (13)
PDDF1:
Permissions
B. Planning and design stage
Obtaining permission for gas, water and electricity (11) 0.876
Obtaining planning and design permission (7) 0.630
PDDF2: Change of 
plan
Change of planning & design by client (16) -0.80
Delayed completion of planning and design (17) -0.74
PDDF3: Client's 
decision-making Client's decision making process (20) 0.90
CDF1: Strategic 
management
C. Construction stage
Equipment failure (28) 0.71Planning and scheduling deficiencies (2) 0.70Waiting for sample material approval (29) 0.64Lack of training personnel management support to model the construction operations (9) 0.57
CDF 2: Selection of 
consultant & 
contractor
Poor organisation of the contractor or consultant (17) 0.89
Material changes in types and specifications during construction (25) 0.87
CDF 3: Site 
management
Insufficient utilities available at construction site (30) -0.82The relationship between subcontractors' schedules in the execution of the projects (23) -0.70
Delay due to quality of materials (14) -0.59Delay in the production of special manufacture of building materials (21) -0.51
CDF 4: Cash flow
Cash flow problem during construction (6) -0.75Non or delayed payments of instalments by customers (3) -0.67Imported materials (10) -0.63
CDF 5: Labour 
payment
Labour skill (24) 0.81
Financing by contractor during construction (19) 0.77
CDF 6:
Construction error
Change of contractors), sub-contractor(s) or engineers (22) -0.69
Errors committed during construction (27) -0.67
CDF 7: Disruption
Strike/disruption (8) -0.73Design errors made by designer (18) -0.64Design changes by owners or their agents during construction (4) -0.52
CDF 8: Weather Bad weather condition at construction site (5) 0.78Shortage of labour (12) -0.57
CDF 9: Owners’ 
co-operation Uncooperative owners (31) -0.86
TDF1: Customers’ 
payments
D. Transfer stage
Non compliance of financial obligations by customers (1)
Eigenvalues/variances 1.47 1.19 1.00 4.33 2.31 2.16 1.82 1.56 1.41 1.26 1.21 1.06
% of variance 29.1 23.8 20.0 18.0 9.6 9.0 7.6 6.5 5.9 5.3 5.0 4.4
*The variable ’delays in contractors (26)' progress payment by owners has not been included in any factor
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A. Inception stage
Change of initial planning (IDF1): ‘C hange o f  planning’ is the only  inception related 
variable from  the 31 highest ranking variables. This appeared to be logical as it was 
com m on for clients in  B angladesh to  change their plans frequently, as they get ideas 
from  different sources, resulting in tim e overruns.
B. Planning & design stage
Permissions (PDDF1): This factor w as found to be the m ost im portant factor at this 
stage, explaining alm ost 30%  o f  the variance. This factor consists o f  tw o variables 
‘obtaining perm ission for gas w ater &  electricity’ and ‘obtaining planning & design 
perm issions’. The factor w as nam ed as ‘perm issions’. W ithin th is factor; the first 
variable ‘obtaining perm ission for gas, w ater & electricity (11)’ has been given low er 
rank  than the other variable ‘obtaining plan  & design perm ission (7 )’. A pparently, 
respondents think that ‘obtaining plan & design perm ission’ can be a b ig  cause for 
delays, though it involved only one authority. H ow ever, due to  ‘inv isib le’ factors, 
‘obtaining perm ission for gas, w ater &  electricity’ cum ulatively caused m ore delays 
than the first variable. This w as a concern w ith several organisations, w hich is show n in 
the factor analysis. O rganisations ran into bureaucratic red-tape w hile try ing to obtain 
such perm issions from  the authorities concerned.
Change of plan (PDDF2): This factor is the second m ost im portant factor at the 
p lanning and design stage and explains about 24%  o f  the variance. It consisted o f  two 
variables ‘change o f  plan &  design by client (16)’ and ‘delayed com pletion  o f  p lan  and 
design (15)’. This factor could be nam ed ‘change o f  p lan ’. A t th is stage, developers 
keep changing their m ind regarding the plan, w hich can ultim ately delay  the com pletion 
o f  planning and design by the consultants.
Clients’ decision-making (PDDF3): This factor consists o f  a  single variable ‘c lien ts’ 
decision-m aking process (20)’. This factor explains about 20%  o f  variance. O n m any 
occasions developers take considerably long tim e to take a decision, w hich could delay 
a  project.
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C ollectively, the above three factors m ay explain up to 73% o f  the delays o f  planning 
and design stage only.
C. Construction stage
Strategic management (CDF1): This is the m ost im portant factor at the construction 
stage, explaining approxim ately 18% o f  the variance. ‘Equipm ent failure (28)’, 
‘planning and scheduling deficiencies (2 )’, ‘w aiting for sam ple m aterial approval (29)’ 
and ‘lack o f  training personnel m anagem ent support to m odel the construction 
operations (9)’, are the four variables in  this factor. The factor w as given the nam e 
‘strategic m anagem ent’. The second m ost im portant variable, ‘p lanning and scheduling 
defic iencies’ is included in this factor. M odem  project m anagem ent softw are w as not 
used in  the construction projects, only a few  consultants w ere fam iliar w ith  som e design 
softw are. Lack o f  trained m anagem ent personnel for construction operations could be 
overcom e by introducing hum an resource m anagem ent and by  arranging m anagem ent 
related sem inar/w orkshop for those involved in the construction industry.
Selection of consultant & contractor (CDF2): This was found to be the second m ost 
im portant factor at construction stage explaining about 10% o f  the variance. It was 
nam ed ‘selection o f  consultant and contractor’ and com prised o f  tw o variables; ‘poor 
organisation o f  the contractor/consultant (17)’ and ‘m aterial changes in types and 
specifications during construction (25)’. This w ould appear to be logical, as in 
B angladesh the selection o f  m aterial regarding quality, price, availability, location, 
buildability , etc is organised by bo th  the contractor and the consultant.
Site management (CDF3): This factor w as term ed as ‘site m anagem ent’ and it consists 
o f  four variables; ‘insufficient u tilities available at construction site (30), ‘the 
relationship  betw een subcontractors’ schedules in  the execution o f  the projects (23), 
‘delay due to quality o f  m aterials (14) and ‘delay in  the production o f  special 
m anufacture o f  building m aterials (21)’. Traditionally, in  B angladesh, there could be 
lack o f  utilities on-site, a  deficiency, w hich can be im proved by efficient site 
m anagem ent. Efficient site m anagem ent could help w ith the p lan  and developm ent o f  
d ifferent subcontractors’ schedules. It can be assum ed that avoiding recom m endation o f  
special item s o f  m aterial at design stage could reduce some delays.
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Cash flow (CDF4): There are three variables incorporated in th is factor; ‘cash flow  
problem s during construction (6 )’, ‘non o r delayed paym ents o f  instalm ents by 
custom ers (3 )’ and ‘im ported m aterials (10 )’. A ll the three variables in  th is factor are 
related to cash; therefore, the factor w as nam ed as ‘cash flow ’. C ash flow  plays a vital 
role in  construction delays, especially  w ith  sm all developers. Large developers can 
m anage cash flow  problem s by arranging finance from  other projects o r business.
Labour payment (CDF5): This factor consisted o f  tw o variables; ‘labour skill (10) and 
‘financing by contractors during construction (19). In this project, only  labour contracts 
w ere given to different contractors and the contractors paid the labourers. Labourers are 
generally  reluctant to w ork w ith  the contractors w ithout regular paym ents, at good rates. 
As these tw o variables are related, the nam e given to this factor w as ‘labour paym ents’.
Construction error (CDF6): This factor consisted o f  tw o variables; ‘changes o f  
contractors or engineers (22) and ‘errors com m itted during construction (27)’. E rror 
could be a change in  the contractor and/or engineer at the construction stage; therefore 
th is factor w as nam ed as ‘construction error’.
Disruption (CDF7): The variables ‘strike/disruption (8 )’, ‘design errors m ade by 
designer (18)’ and ‘design changes by ow ners o r their agents during construction (4 )’ 
m ake up th is factor. Logically these variables are interrelated and it could therefore be 
term ed ‘d isruption’. D esign changes by ow ners or their agents (4) are one o f  the m ost 
serious causes o f  delays during construction.
Weather (CDF8): This factor com bines tw o variables ‘bad w eather at construction site 
(5 )’ and ‘shortage o f  labour (12)’. Shortage o f  labour could be the cause o f  bad w eather, 
especially  in the rainy season. Therefore, th is factor was nam ed ‘we ither’.
Owners’ co-operation (CDF9): This factor consists o f  only one variable 
‘uncooperative ow ners (31)’. It w as heard during the survey tha t m any developers 
could be uncooperative for different reasons, w hich ultim ately delays a  project. 
C ollectively, the above nine factors m ay explain up to 72%  o f  the delays at construction 
stage only.
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D. T ra n s fe r  stage
Customers’ payment (TDF1): T he only variable in  this factor ‘non com pliance w ith 
financial obligations by custom ers (1 )’, w as found to be the m ost im portant individual 
variable causing tim e-overruns. A t th is stage the project is alm ost com plete and the type 
o f  delays can be different. D ifferent flats had been sold to d ifferen t custom ers, but due 
to  financial obligations and other reasons the transfer o f  flats can be held up causing 
delay in  com pletion o f  the project.
7.4 Summary
The application o f  the RII approach enabled the identification o f  the 31 m ost im portant 
variables causing delays. O f  these variables, the m ost im portant w ere cash flow, 
planning & scheduling and p lan  & design changes. The application o f  factor analysis 
enabled an initial appraisal o f  the  relationship betw een these variables. It proved 
possib le to use the m ethod to  group the 31 highest ranking variables into 14 
representative factors, according to  the stages o f  the project. The reduction from  72 
variables to 14 factors m ay m ake risk  analysis a  m ore feasible proposition. H ow ever, it 
is necessary  to investigate the ex ten t o f  inter-relationships betw een the factors in 
successive stages before the final selection o f  the form  o f  the  risk  m odel. Therefore, 
m ultiple regression analyses have been  carried out in the follow ing chapter.
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Chapter 8 
FIRST SURVEY 
DATA ANALYSIS: SECTION 3 
MULTIPLE REGRESSION ANALYSIS
8.1 Introduction
M ultiple regression analysis1 is a  w idely used m ultivariable statistical technique 
applicable in  business decision-m aking and ranges from very general to  the  specific 
applications (H air, et al. 1995). M ultiple regression analysis is a  dependence technique. 
Therefore, the variables m ust be divided into dependent (criterion) and independent 
(predictor) variables. G enerally m ultip le regression analysis is used  w hen both 
dependent and independent variables are expressed in m etric or are appropriately 
transform ed. In m ultiple linear regression, the variation in a  dependent variable is 
assum ed to  be linear w ith possibly m any independent variables. The objective o f  
m ultiple regression analysis is to predict the changes o f  dependent variables in response 
to the changes in independent variables. The basic form ation o f  a m ultip le linear 
regression equation is
Y = P0+ P 1X1+P2X2 +.......+PkXj< ................................................................... (E quation  8.1)
W here,
Y  is the dependent variable
X i, X 2, . . . ,  Xk are independent variables 
Pk p2 , . . .  ,Pk are partial regression coefficients 
po is constant
The objectives o f  using m ultiple regression analysis in this chapter are as follow s:
•  C hecking factor links relationships betw een the factors in  successive stages
•  D evelopm ent o f  a  m ultiple regression m odel to  interpret delays m  term s o f  factors
1 Multiple regression is when a research problem involves a single dependent variable related to a more than one independent variables.
I l l
8.2 Approaches of Variable Selection
There are a  num ber o f  possible independent variables, from  w hich to choose, for 
inclusion in  the regression equation. B ut it is recom m ended to keep the num ber 
reasonably sm all (C ook and W eisberg 1999). It is necessary to decide w hich predictors 
to be included in  a m odel, and w hich ones to leave out. For each predictor there are tw o 
possibilities - either include or exclude them  from  the m odel. For a  set o f  k predictors, 
the num ber o f  possible m odels could be developed betw een zero (m inim um ) and 2k 
(m axim um ). Choosing the full set o f  k  predictors m ight no t give the best m odel; 
because som e o f  the predictors m ay no t contribute significantly to the m odel due to high 
correlation am ong them selves. It is preferable to have a  m ethod for selecting variables 
that m axim ises the prediction w ith  the sm all num ber o f  significant predictors, because 
they are easy to understand and interpret (Hair, et al. 1995 & C ook and W eisberg 1999). 
R edundant variables increase the w idth  o f  intervals.
Sequential search m ethods are the m ost com m on m ethods o f  estim ating the regression 
equation w ith  a  set o f  variables. The variables are selectively added or deleted until 
som e overall m easure is achieved. The m ulticollinearity am ong independent variables 
has substantial im pact on selecting the final equation. B ackw ard estim ation and 
stepw ise selection are the m ost com m on sequential search m ethods for selecting 
dependent variables.
B a c k w a rd  E lim in a tio n  involves com puting regression equation w ith  all predictors (full 
m odel), then  going back and deleting predictors that do not contribute significantly. The 
steps are as follows:
1. C om pute a regression equation using all predictors
2. C alculate partial P-value or T-value for each predictor
3. E lim inate factor w ith the sm allest P (or T) value, w hich do no t contribute 
significantly  to the m odel 23
2 Quantitative data3 T-value of variable in a regression equation measures the significance of partial correlation of the variable reflected in the regression coefficient It is particularly useful to determine whether a variable should be dropped from the equation once a variable has been added.
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4. A fter elim inating the insignificant predictors, re-do the regression equation using the 
rem aining variables
5. R eturn to  step 2 and continue the process until you are satisfied w ith  the m odels
S tepw ise  Selection  allow s exam ining the contribution o f  each predictor to the 
regression m odel. H ow ever, ra ther than  deleting variables, as in the backw ard 
elim ination procedure, each variable is considered for inclusion p rior to developing the 
equation. The prim ary distinctive feature o f  this approach is the ability  to add o r delete 
variables at each stage. The steps are as follows:
1. Start w ith  the sim ple regression m odel using only one predictor, w hich has the 
highest correlation w ith the criterion (X I, say). The equation w ould  be Y  = p 0+PiXi.
2. Exam ine the partial correlation coefficient4 to find an additional factor, w hich 
explains both a significant portion and largest portion o f  the error rem aining by the 
first regression equation.
3. R ecom pute the regression equation using the tw o-predictor variables (X I and the 
other) and exam ine the partial F value for the original variable in the equation to see 
w hether it still m akes a significant contribution, given the presence o f  a  new  
predictor variable. I f  it is no t significant, elim inate the variable. I f  the original 
variable still m akes a significant contribution, the equation w ould  be Y  = 
P0+P1X1+P2X2.
4. C ontinue the procedure by exam ining all the predictors, no t included in the m odel, 
to determ ine w hether any one should be included in  the equation.
Stepwise estim ation has been used in Section 8.3 to check links am ong factors in 
successive stages. Then, backw ard elim ination and stepwise estim ation m ethods have been 
used (section 8.6.1 and 8.6.2 respectively) to develop regression m odels, w hich 
m axim ises interpretation o f  total delays in term s o f  factors delays. It is im portant to 
m ention that all (110) responses o f  TO V  w ere used for the stepwise estim ation to find 
links am ong factors in successive stages. However, responses in the developers’ category 
only were considered for the m ultiple regression analysis to develop m odels to predict
4 Measures of the strength of the relationship between the criterion and a single predictor variable when the effects of the other predictor variables in the model are held constant.
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delays. In chapter 4 (section 4.7) it has already been noted that the respondents in the 
developers’ category were asked about total delays in days (Questionnaire in Appendix 1).
8.3 Factor Links in Successive Stages
Stepw ise selection m ethod o f  regression, outlined above in Section 8.2, provides an 
efficient m echanism  to determ ine relationships am ong large num ber o f  independent 
variables. Stepw ise selection m ethod w as used in th is section, to evaluate relationships 
betw een the factor scores5 in one stage o f  the construction process to those in the 
previous stage. Thirteen stepw ise regressions were perform ed (Table 8.1) and com pared 
w ith  5876 *separate m ultiple regressions required to produce all possib le m odels. For 
exam ple, the factor score o f  the factor CDF1 in the construction stage w as defined as a 
dependent variable w hile the scores o f  the  three factors found in the p lanning and design 
stage w ere possible explanatory variables. The overall relationships that were 
established betw een factors in successive stages have been show n in the follow ing 
table:
Table 8.1: Stepwise Selection Approach in Successive Stages; AIpha-to-Enter: 0.15 
(Significant link: * ; P-Value <  0.15), Alpha-to-Remove: 0.15 (No significant 
link: X ; p-V alue> 0.15).
Factor links between inception and plan & design stages R2 (%)
IDF1
PDDF1 ✓ 3.19
PDDF2 «/ 12.71
PDDF3 X 0.00
Factor links between plan & design and construction stages
PDDF1 PDDF2 PDDF3
CDF1 ✓ ✓ X 4.53
CDF2 X X X 0.00
CDF3 ✓ ✓ X 8.17
CDF4 ✓ X X 14.7
CDF5 X X ✓ 3.32
CDF6 X ✓ X 2.61
CDF7 X X 3.68
CDF8 <y </ X 17.38
CDF9 X X X 0.00
Factor links between construction and transfer stages
CDF1 CDF2 CDF3 CDF4 CDF5 CDF6 CDF7 CDF8 CDF9
TDF1 ✓ X ✓ X X ✓ <✓ X X 19.82
5 Composite measures for each factor extracted in the factor analysis. The original raw data measurements and the factor analytic results are utilised to compute factor scores. The factor score then can be used to present the factor (s) subsequent analysis.6 587 = 1X29 (Between transfer & construction stages) + 9X23 (Between construction & planning and design stages) + 3X21(Between planning and design & inception stage)
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For exam ple, factor CDF8 (w eather) in the construction stage w as found to  be linearly 
related  to factors PDDF1 (perm issions) and PD D F2 (change o f  p lan) in the planning 
and design stage w ith R2 value 17.4%, w hich w as not strong. A gain  factor TDF1 
(custom ers’ paym ent) was found to be linearly related to factors CDF1 (strategic 
m anagem ent), CDF3 (site m anagem ent), CD F6 (construction error) and CDF7 
(disruption), although the relationship w as no t found to be strong (R2 =  19.8%).
The w eak association betw een factors at successive stages o f  the project seem s to be 
surprising. H ow ever, further evidence is provided by the sm all pairw ise correlations as 
show n below  in Table 8.2.
Table 8.2: The Correlation between Factors in Successive Stages of Project
Factor correlations between inception and plan & design stager.
IDF1
PDDF1 0.179
PD D F2 -0.357
PD DF3 0.050
Factor correlations between plan & design and construction stages
PD DFI PDDF2 PD DF3
CDF1 0.158 -0.143 -0.133
CDF2 -0.009 -0.048 -0.123
CDF3 -0.204 0.200 -0.034
CDF4 -0.383 0.059 0.023
CDF5 0.000 0.037 0.182
CD F6 -0.026 0.162 -0.019
CD F7 -0.110 0.192 0.010
CDF8 -0.370 0.192 -0.023
C DF9 0.115 -0.072 0.039
Factor correlations between construction and transfer stages
CDF1 CDF2 CDF3 CDF4 CDF5 CDF6 CDF7 CDF8 CDF9
TDF1 0.182 0.085 -0.321 -0.041 -0.084 0.134 -0.211 -0.008 -0.123
To illustrate the advantage o f  using stepw ise regression, consider fitting a  m ultiple 
regression m odel to predict factors at the construction stage (the dependent variable) 
using the three factors in the previous planning and design stage (explanatory variables). 
Therefore, CDF2 in the construction stage w as considered as pred ictor and the three 
factors PD D F1, PD D F2 and PD D F3 in the p lanning & design stage w ere considered as 
independent variables. The stepw ise regression technique show ed that no variable 
entered into the m odel at step 1 (Table 8.1); hence it w as concluded that CD F2 w as not
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linearly  related to any com bination o f  the factors PDDF1 to PD D F3. The m ultiple 
regression  m odel for factor C D F1, is show n below  (Equation 8.2).
C D F2 =  - 0.0000 +  0.158 (PD D F1) - 0.143 (PD D F2) - 0.133 (PD D F3)... (Equation 8.2)
N ext, it w as considered relating factor CD F8 to the three factors PDDF1 to PDDF3. The 
first variable entered into the m odel at step 1 is PDDF1 w ith  the largest partial 
correlation (-0.370; Table 8.2) w ith CD F8 (P-value <  0.15). In step 2 considering the 
correlation, the second variable that entered the m odel is PD D F2 w ith  second largest 
partial correlation (0.192; Table 8.2) w ith  CDF1 (P-value <  0.15). In step  3, PDDF3 
w as supposed to be the last variable that had  to enter the m odel; bu t it w as not included 
in the m odel because o f  h igh  P-value (> 0.15). The stepw ise regression  technique 
show ed that the factor CDDF8 w as linearly  related  to factor PDDF1 and factor PD D F2 
w ith  an R2 value o f  17.4%, but not factor PD D F3. The m ultiple regression  m odel for 
CD DF8 had been show n below .
C D F8 =  - 0.0000 -  0.370 (PDD F1) + 0.192 (PD D F2) -  0.023 (PD D F3) ... (Equation 8.3)
The stepw ise regression approach, outlined above, provides an efficient m echanism  to 
determ ine relationships am ong a  large num ber o f  independent variables. A s illustrated 
above, the results are consistent w ith those found from  the corresponding m ultiple 
regression m odels. H ow ever only 13, stepw ise regressions w ere perfo rm ed  com pared 
w ith  587 separate m ultiple regressions required  to produce all possib le m odels.
The lack o f  strong relationships am ongst the  factors indicated that m odelling  causes o f  
tim e overruns can be sim plified. This is because a high degree o f  independence betw een 
the com ponents o f  the m odel can be reasonably  assum ed and hence the discrete stages 
o f  the project can be considered independently.
8.4 Components of Multiple Regression Model
Total delays in  days w ere selected as the dependent variable (Y) and the delays in days 
under each o f  fourteen factors, found in the factor analysis in previous chapter, were 
chosen as possible independent variables (X I , X 2, — , X14). The independent variables 
are as follow s in  Table 8.3:
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T a b le  8.3: M odel C o m p o n en ts
D e p e n d e n t V a ria b le  (Y)
In d e p e n d e n t V ariab les  (X I, X 2, — , X14)
In c e p tio n  stage
X I ID F 1: C hange o f  initial planning
P la n  &  design  stage
X2 P D D F 1: Perm issions
X3 PD D F2: C hange o f  plan
X4 PD D F3: C lient's decision-m aking
C o n s tru c tio n  stage
X5 C D F 1: Strategic m anagem ent
X6 C D F2: Selection o f  contractor & consultant
X 7 C D F 3: Site m anagem ent
X8 C D F 4: Cash flow
X9 C D F5: L abour paym ent
X 10 C D F6: C onstruction error
X I 1 C D F7: D isruption
X 12 C D F8: W eather
X13 C D F9: O w ners’ co-operation
T ra n s fe r  s tage
X 14 T D F 1: C ustom ers’ paym ents
R ecall that the factors in Table 8.3 w ere obtained through factor analysis involving data 
o f  all the respondents. H ow ever, it has been m entioned earlier in  th is chapter that only 
developers’ responses were considered for developing m ultiple regression m odel 
regarding delays in days; this is because they w ere in the m ost appropriate position  in a 
construction organisation, to  provide accurate estim ate o f  delays o f  a  project. In a 
construction project, delays o f  one activity m ay not always delay the w hole project. It 
m ainly depends on the critical path. Therefore, data collection delays in days for 
individual variables had to  transform  into factors delays.
A n attem pt w as m ade to use ro tated  factor loading (Table 8.4) for conversion o f  delays 
in  days, for individual variables, to factor. D elays o f  each variable in a  factor w as 
m ultip lied  by the respective rotated factor load and added to produce delays in  days o f  
the respective factor. Factor delays w ere obtained in this way. For exam ple in Table 8.4, 
there are tw o variables ‘obtaining perm ission for gas, w ater and e lectricity ’ and 
‘obtain ing planning & design perm ission’ under the factor “PD D F 1: perm ission” ; the
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Table 8.4: Factors and Rotated Factor Loading (Reproduction of Table 7.3)
Factors V ariables IDFl PDDFl PDDF2 PDDF3 CDFl CDF2 CDF3 CDF4 CDF5 CDF6 CDF7 CDF8 CDF9 TDFl
IDFl: Change of 
initial planning
A. Inception stage
Change of planning (13)
PDDF1:
Permissions
B. Planning and design stage
Obtaining permission for gas, water and electricity (11) 0.876
Obtaining planning and design permission (7) 0.630
PDDF2: Change of 
plan
Change of planning & design by client (16) -0.80
Delayed completion of planning and design (17) -0.74
PDDF3: Client s 
decision-making Client's decision making process (20) 0.90
CDF1: Strategic 
management
C. Construction stageEquipment failure (28) 0.71Planning and scheduling deficiencies (2) 0.70Waiting for sample material approval (29) 0.64Lack of training personnel management support to model the construction operations (9) 0.57
CDF 2: Selection 
of consultant & 
contractor
Poor organisation of the contractor or consultant (17) 0.89
Material changes in types and specifications during construction (25) 0.87
CDF 3: Site 
management
Insufficient utilities available at construction site (30) -0.82The relationship between subcontractors' schedules in the execution of the projects (23) -0.70
Delay due to quality of materials (14) -0.59Delay in the production of special manufacture of building materials (21) -0.51
CDF 4: Cash flow
Cash flow problem during construction (6) -0.75Non or delayed payments of instalments by customers (3) -0.67Imported materials (10) -0.63
CDF 5: Labour 
payment
Labour skill (24) 0.81
Financing by contractor during construction (19) 0.77
CDF 6: Construction 
error
Change of contractor(s), sub-contractor(s) or engineers (22) -0.69
Errors committed during construction (27) -0.67
CDF 7: Disruption
Strike/disruption (8) -0.73Design errors made by designer (18) -0.64Design changes by owners or their agents during construction (4) -0.52
CDF 8: Weather Bad weather condition at construction site (5) 0.78Shortage of labour (12) -0.57
CDF 9: Owners’ 
co-operation Uncooperative owners (31) -0.86
TDF1: Customers’ 
payments
D. Transfer stage
Non compliance of financial obligations by customers (1)
Eigenvalues/variances 1.47 1.19 1.00 4.33 2.31 2.16 1.82 1.56 1.41 1.26 1.21 1.06
% of variance 29.1 23.8 20.0 18.0 9.6 9.0 7.6 6.5 5.9 5.3 5.0 4.4
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delays o f  these tw o variables w ere m ultiplied by the rotated factor loads 0.876 and
0.630 respectively and added to  produce the delays in days for the  factor. D elays in days 
for other factors were calculated in  the sam e w ay to use in the E quation  8.1.
There w ere tw enty-nine valid developers responses used for ranking o f  variables, in 
chapter 6 (Table 6.4). The total delays in days o f  four responses w ere found very high 
com pared to other responses. O n further investigation it w as found that those four 
projects w ere abandoned for a  considerable period before it w as com pleted. The 
rem aining tw enty five responses w ere considered for the regression m odelling.
8.5 Assumptions of Multiple Regression Model
M eeting the assum ptions o f  regression analysis is essential to  ensure the m odel is 
representative o f  the sam ple. Serious violations o f  the assum ptions m ust be detected and 
corrected at every possib le level (M axw ell 1977). The three basic assum ptions are 
linearity, norm ality and constant variance.
•  Linearity: There should be linear relationship betw een the criterion and all 
predictors.
•  N orm ality: For any value o f  predictor, the predicted values should be norm ally 
distributed (norm ally d istributed residuals).
•  C onstant variance: The variability  o f  predicted  values should rem ain  sam e for all 
values o f  predictors.
8.6 Development of Multiple Regression Model
D evelopm ent o f  m ultiple regression m odels w ere attem pted using all the approaches o f  
variable selections, discussed in  section 8.2. Initially a  full m odel using all the 
predictors as show n in Table 8.5, w as attem pted. The percentage o f  R2 indicates how  
m uch the variation o f  the criterion is explained by the predictors. A t a  first glance at 
Table 8.5, it m ight appear to be a good m odel w ith R2 value at 89% . A n F-test7 has been 
carried to test the hypothesis tha t the am ount o f  variation explained by the regression 
m odel is significant. The F-ratio  5.95 w ith 14 and 10 degrees o f  freedom 8 (DF) is
7 A test is usually a ration of two numbers, where each number estimates a variance. An F-test is used in the test of equality of two 
populations.8 Calculated from total number of observations minus number of estimated parameters.
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greater than the critical value o f  2 .26 (B ioK in Ltd 2005), w hich led us to reject the 
hypothesis that the R  value obtained in the regression m odel is likely to have occurred 
by chance.
Table 8.5: The Output of Regression with all Predictors
Predictor Coefficient^ T-value P-value
C onstant 134.13 3.79 0.004
IDF1 0.8380 1.89 0.088
PDDF1 0.8879 1.39 0.195
PD D F2 1.849 1.82 0.099
PDDF3 -1.357 -1.09 0.301
CDF1 -0.5829 -1.18 0.267
CDF2 -3.836 -2.90 0.016
CDF3 3.321 2.76 0.020
CDF4 1.7526 2.67 0.023
CDF5 4.571 2.38 0.039
CDF6 -21.115 -2.78 0.019
CDF7 1.3130 1.72 0.116
CDF 8 1.024 0.55 0.595
CDF9 1.944 1.21 0.253
TDF1 -1.1454 -0.44 0.670
R2= 89.3%  Rldj =  74.3%
DF (regression): 14, DF (residual error): 10, F-value: 5.95, P-value: 0.004
It m ay be possible that this m odel has redundant predictors. Insignificant excess 
predictors could lead to overfitting the data  and a deterioration o f  the generalisibilty  o f  
the m odel (H air, et al. 1995). There is no hard  and fast rule about the num ber o f  
predictors in a  m odel. N um ber o f  predictors in a  m odel depends on the sam ple size o f  
the data and how  m uch the predictors can contribute to im prove the fitness o f  a  m odel. 
The num ber o f  the predictors and the size o f  the sam ple have influence on R2 values and 
it is necessary to adjust for the inflation in R2. Several criteria  are used  to find a 
balanced m odel. The R 2adj criterion is sim ple and useful in com paring regression m odels 
involving a different num ber o f  predictors or different sam ple sizes. C onsidering the 
purpose o f  the m odel and size o f  the  sam ple em phasis was given on the R]dj criterion.
The T -test w as conducted to reduce the num ber o f  predictors and to find ou t w hether the 
slope o f  any particular predictor w as zero. Som e o f  the P-values for t-ratios could be 9
9 Coefficients are the estimates of parameters in a regression equation.
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larger than reasonable alpha level. It is necessary to be careful regarding deleting the 
predictors w ith high P-values.
8.6.1 Backward Elimination Method
B ackw ard elim ination m ethod considers all the predictors, initially. Then the predictors 
are rem oved in subsequent steps up to  a  certain significant level im posed at the 
beginning o f  the m odel i.e. A lpha-to-R em ove: 0.15. The follow ing discussion is based 
on  Table 8.6:
A t step 1, the full m odel has been considered. It is fitted w ith all 14 explanatory (X) 
variables, w hich is sam e as the full m odel; the least significant X  variable w ith  the 
sm allest T -value (i.e. TDF1 w ith the sm allest T-value: -0.444 and P-value: 0.670) is 
then  dropped from  the model.
A t step 2, the m odel has been refitted w ithout TDF1. The R  value decreased (R -square 
decreases w hen a predictor is rem oved from  a m odel) but the R 2adj value has increased
and the P-values o f  m any predictors also decreased. The predictor w ith  the sm allest T- 
value (i.e. CDF8 w ith the sm allest T-value: 0.42 and P-value: 0.680) w as the second 
factor to be dropped from  the m odel.
A t step 3, the m odel has been refitted leaving out TDF1 and CD F8. A gain, the A djusted 
R -square value increased and the P-values o f  m any predictors becam e sm aller. The 
least significant predictor (i.e. PDDF3 w ith  T-value: -1.04 and P-value: 0.320) w as the 
th ird  factor to be dropped from  the m odel.
A t step 4, the m odel has been refitted w ithout TDF1, CDF8 and PD D F3 and the least 
significant predictor (i.e. CDF1 w ith  T-value: -0.76 and P-value: 0.162) w as selected to 
be the fourth variable to be dropped from  the m odel.
A t step 5, the m odel has refitted w ith  the rem aining ten predictor and the selection o f  
the least significant X  variable (i.e. CD F9 w ith T-value: 1.34 and P-value: 0.202) was 
done; the fifth variable w as dropped from  the m odel.
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T able 8.6: B ackw ard E lim ination, A lpha-to-rem ove (P-V alue): 0.15; R esponse is
A ctual D elay on 14 Predictors, w ith  N  =  25.
Step 1 2 3 4 5 6 7
Constant 134.1 128.5 128.2 114.9 120.8 112.6 112.6
IDFF1 0.84 0.77 0.79 0.78 0.68 0.70 0.77
T-value 1.89 1.93 2.04 2.03 1.91 1.94 2.21
P-value .088 .080 .064 .064 0.077 0.072 0.042
PDDF1 0.89 0.95 0.89 0.72 0.73 0.33
T-value 1.39 1.59 1.58 1.33 1.39 0.74
P-value .195 .141 0.139 .206 0.186 0.474
PDDF2 1.85 2.09 2.17 2.18 2.22 1.75 1.55
T-value 1.82 2.51 2.79 2.80 2.90 2.51 2.44
P-value .099 .029 .016 .015 0.012 0.024 0.027
PDDF3 -1.40 -1.30 -1.10
T-value -1.09 -1.08 -1.04
P-value .301 .301 .320
CDF1 -.58 -0.51 -0.46 -.30
T-value -1.18 -1.14 -1.10 -.76
P-value .267 .280 .293 .462
CDF2 -3.84 -3.75 -3.68 -3.34 -3.38 -2.55 -2.63
T-value -2.90 -2.98 -3.06 -2.87 -2.96 -2.59 -2.71
P-value .016 .013 .010 .013 0.010 0.021 0.015
CDF3 3.32 3.06 3.04 2.84 2.56 2.95 3.10
T-value 2.76 3.05 3.15 2.99 2.98 3.56 3.91
P-value .020 .011 .008 .010 0.010 0.003 0.001
CDF4 1.75 1.56 1.53 1.35 1.22 1.39 1.43
T-value 2.67 3.29 3.38 3.23 3.24 3.81 4.03
P-value .020 .007 .005 .007 0.006 0.002 0.001
CDF5 4.60 4.70 4.90 4.70 4.50 3.9 3.78
T-value 2.38 2.58 2.93 2.81 2.76 2.42 2.40
P-value .039 .026 .013 .015 0.015 0.028 0.029
CDF6 -21.1 -21.2 -19.6 -17.3 -16.6 -12.5 -10.3
T-value -2.78 -2.90 -3.26 -3.08 -3.04 -2.70 -2.94
P-value .019 .014 .007 .009 0.009 0.017 0.010
CDF7 1.31 1.25 1.23 1.16 0.94 1.24 1.24
T-value 1.72 1.73 1.77 1.68 1.52 2.09 2.12
P-value 0.116 0.111 0.101 0.118 0.151 0.054 0.050
CDF8 1.0 0.70
T-value 0.55 0.42
P-value 0.595 .680
CDF9 1.90 2.0 1.80 1.50 1.8
T-value 1.21 1.29 1.27 1.08 1.34
P-value .253 .222 .229 .298 0.202
TDF4 -0.15
T-value -0.44
P-value .670
Rz 89.27 89.07 88.89 87.89 87.36 85.74 85.23
74.26 76.15 77.78 77.65 78.33 77.18 77.84
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A t step 6, refit the m odel w ith  the rem aining nine predictor and select the least 
significant predictor (i.e. PDDF1 w ith  T-value: 0.74 and P-value: 0.474); th is is the 
sixth variable to be dropped from  the m odel.
A t step 7, refit the m odel w ith the rem aining eight predictor. A t this step no m ore 
insignificant predictor (P-value > 0.15) w ere found and hence nothing w as dropped 
from  the m odel; the process stops here. The R -square value little decreased w ith  the 
reduction o f  six predictors bu t the A djusted  R-square value increased. Therefore the 
final forw ard selection m odel included 8 explanatory variables: ID F1, PD D F2, CDF2, 
CD F3, CDF4, CD F5, CDF6 and CDF7.
Forw ard selection is an equally sensible approach like backw ard elim ination approach 
bu t starts in  an opposite w ay w ith  no predictor in  the regression and w here predictors 
are consequently added according to the level o f  significance. B oth backw ard 
elim ination and forw ard elim ination approaches have a  sim ilar disadvantage. In 
backw ard elim ination approach a  factor already deleted m ight have high t-ratio w hen 
other variables are taken o ff  at subsequent steps and it could be necessary to put it back 
in  the m odel; w hile in forward selection approach it is not possible to discard a  factor 
already considered at an earlier step. N either o f  these two approaches has the  facility  to 
reassess the significance o f  every predictor at each step, w hether to be dropped or added 
respectively, in the form ula. H ow ever, stepw ise selection has the facility  to reassess 
significance o f  all predictors a t every step w hether one is going forw ard or backw ard.
8.6.2 Stepwise Selection Procedure
Stepw ise selection procedure has already been used earlier in th is chapter in section 8.3 
to find factor links in  successive stages. A s m entioned already th is procedure starts like 
a sim ple m odel w ith the highest correlated  predictor and adds/rem oves predictors in 
subsequent steps up to a  certain significant level im posed at the beginning o f  the m odel
i.e. A lpha-to-Enter: 0.15, A lpha-to-R em ove: 0.15. This m odelling approach is opposite 
to the backw ard selection procedure. The follow ing discussion is based on Table 8.7 
and Table 8.8:
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Table 8.7: C orrelation o f  Predictors and C riterion
X-Variables IDF1 PDDF1 PDDF2 PDDF3 CDF1 CDF2 CDF3 CDF4 CDF5 CDF6 CDF7 CDF8 CDF9 F4
PDDF1
P-value
0.027
0.899
PDDF2
P-value
0.233
0.262
0.235
0.257
PDDF3
P-value
-0.182
0.383
0.143
0.495
-0.05
0.812
CDF1
P-value
0.365
0.073
0.136
0.518
0.318
0.122
-0.235
0.257
CDF2
P-value
0.264
0.203
-0.038
0.856
0.297
0.149
-0.169
0.420
0.220
0.290
CDF3
P-value
-0.544
0.127
0.364
0.074
0.849
0.013
0.103
0.623
0.239
0.249
-0.032
0.879
CDF4
P-value
0.089
0.671
0.241
0.246
0.615
0.001
0.229
0.270
0.341
0.095
0.283
0.171
0.175
0.403
CDF5
P-value
0.015
0.945
0.186
0.374
0.068
0.745
-0.124
0.554
0.111
0.597
0.065
0.757
0.107
0.610
-0.061
0.772
CDF6
P-value
-0.018
0.933
0.695
0.000
0.578
0.002
-0.018
0.933
0.095
0.651
0.120
0.569
0.454
0.023
0.414
0.040
0.321
0.117
CDF7
P-value
0.145
0.490
0.237
0.254
0.180
0.389
-0.073
0.727
0.290
0.160
0.487
0.013
0.003
0.989
0.192
0.358
0.042
0.842
0.368
0.071
CDF8
P-value
0.134
0.524
0.442
0.027
0.617
0.001
0.005
0.980
0.269
0.194
0.059
0.780
0.400
0.048
0.330
0.107
0.446
0.025
0.699
0.000
0.135
0.519
CDF9
P-value
0.029
0.892
-0.038
0.858
0.229
0.270
0.069
0.744
0.041
0.847
0.597
0.002
0.130
0.534
0.340
0.097
-0.029
0.891
0.340
0.096
0.570
0.003
0.011
0.960
TDF
P-value
0.048
0.819
0.176
0.400
0.232
0.263
0.222
0.286
0.109
0.603
-0.039
0.853
0.296
0.151
0.528
0.007
-0.013
0.952
0.314
0.126
0.074
0.724
0.352
0.08
0.169
0.419
Y-Variable
Total delay 
P-value
0.277
0.180
0.264
0.201
0.720
0.000
0.106
0.616
0.423
0.035
0.075
0.722
0.573
0.003
0.630
0.001
0.155
0.460
0.360
0.077
0.158
0.451
0.442
0.027
0.175
0.403
0.378
0.062
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Table 8.8: Stepwise Selection Approach; AIpha-to-Enter: 0.15, Alpha-to- 
Remove: 0.15
Step 1 2 3 4 5
C onstant 207.0 190.4 166.7 134.6 127.4
PDDF2 2.82 2.26 1.25 0.76
T-value 4.98 3.66 1.74 1.05
P-value 0.000 0.001 0.097 0.304
CDF3 1.89 2.29 2.85 3.39
T-value 1.84 2.40 3.03 4.28
P-value 0.079 0.026 0.007 0.000
CDF4 1.02 1.13 1.41
T-value 2.29 2.68 4.23
P-value 0.032 0.014 0.000
IDF1 0.82 0.97
T-value 1.96 2.47
P-value 0.064 0.022
K1 51.85 58.27 66.63 72.01 70.45
49.76 54.48 61.86 66.41 66.23
A t step 1, the m odel was fitted w ith the factor having the h ighest correlation (0.720) 
w ith the criterion. PDDF2 w ith  P-value < 0 .1 5  (Table 8.7), was the first factor to be 
considered into the regression form ula w ith  a  R2 o f  51.85% . The partial correlation o f  
the rest o f  the predictors w as checked in Table 8.7 and the factor C D F4 w ith  P-value <
0.15 w as found w ith the second largest partial correlation. But, PD D F2 and CDF4 are 
highly correlated to each other (Table 8.7). Therefore, the second factor to  be entered in 
the equation w as CDF3 instead o f  CD F4, w hich had the 3rd highest partial correlation 
w ith  the criterion.
A t step 2, the m odel w as fitted w ith  PD D F2 and CDF4 w ith an R2 58.27% . The partial 
correlation o f  rest o f  the predictors, including CDF4, was checked. C onsidering partial 
correlation w ith criterion and predictor, CD F4 w as the next predictor to  be considered.
A t step 3, the m odel was fitted w ith PD D F2, CDF3 and CDF4 and it gave a  com bine R2 
66.63% . Considering partial correlation w ith  criterion and predictors, IDF1 w as the next 
factor to be considered.
A t  step 4, the m odel w as fitted w ith factors PD D F2, CDF3, C D F4 and IDF1. As the 
factor IDF1 entered in  the m odel at this step; the factor PD D F2 (w ith  a P-value > 0 .1 5 )  
already entered at step 1 becam e insignificant and could no t be considered  anym ore.
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Therefore, PD D F2 was rem oved from  the model.
A t step 5, the m odel w as fitted w ith  the factors CDF3, CD F4 and IDF1 w ith  R2 value o f  
70.45% . A t th is step no m ore significant variables (P-value > 0.15), w ith the condition 
A lpha-to-Enter: 0.15 and A lpha-to-R em ove: 0.15, w ere found that could be considered 
and included in  the m odel. So the process stops. Therefore the final stepw ise selection 
m odel included the factors ID F1, CDF3 and CDF4.
8.7 Selection of Multiple Regression Model
Plots o f  the actual and fitted values for three m odels obtained by all regression, 
backw ard selection and stepw ise selection procedure have been show n in  Figure 8.1, 
Figure 8.2 and Figure 8.3 respectively. For com parative study the basic properties o f  the 
three m odels have been show n in Table 8.10.
The full m odel in the Figure 8.1 gave the highest R2 o f  89.30%. A s m entioned before, a 
m odel w ith  all predictors could d im inish  the ability to generalise by overfitting the data. 
A n alm ost identical fitted line, as in the full regression m odel, w as found w ith  the 
regression m odel obtained through backw ard elim ination procedure. This is show n in 
Figure 8.2 w ith  a R  o f  85.20% , w hich w as little low er than the m odel, w ith  all possible 
m odel in  Figure 8.1. The backw ard selection m odel used eight factors, w hich is 
considerably low er than the ‘all possib le’ m odel w here 14 factors w ere used. The model 
obtained through stepw ise selection procedure gave R 2 value o f  70.40% , w hich was 
considerably low er than the other tw o m odels and a few  observations w ere found 
significantly  far from  the fitted line as show n in F igure 8.3.
F i g u r e  8.1 : F i t t ed  l ine o f  F u l l  R e g r e s s i o n  M o d e l
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Figure 8.2: Fitted Line of Backward Elimination 
Regression Model
F ig u r e  8 .3 :  F i t t e d  L i n e  o f  S t e p w i s e  S e l e c t i o n  
R e g r e s s io n  M o d e l
T ab le  8.9: F ea tu re s  o f M odels
F ea tu re s AH Possible B ack w ard  E lim ina tion S tepw ise Selection
N um ber o f  predictor 
used
All 14 
Predictors
8 Predictors 3 Predictors
R2 89.30% 85.20% 70.40%
R l, 74.31% 77.84% 66.23%
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In consideration o f  the above m odel selection criteria, the backw ard elim ination 
regression m odel w as deem ed the m ost suitable, and it y ielded the follow ing equation:
A ctual Total D elay =  112.6 + 0.77 IDF1 +  1.55 PD D F2 - 2.63 CD F2 + 3.10 CDF3
+  1.43 CDF4 + 3.78 CDF5 -10 .3  CDF6 +  1.24 C D F 7...... (Equation 8.4)
8.8 Check of Assumptions
It w as necessary to check that the assum ptions o f  m ultiple linear regressions have not 
been violated for the selected m odel. The follow ing sub-sections deal w ith  checking the 
basic assum ptions m entioned at the beginning o f  this chapter.
Assumption: Linearity
The residuals (differences betw een actual delays and fitted values) w ere p lotted  against 
the predicted values in Figure 8.4 to check the linearity o f  the m odel. The fitted values 
o f  the selected m odel in  Figure 8.2 gave a linear relationship. Therefore, residuals 
should not produce a regular pattern  for a  good m odel. The p lo t displayed a random  
pattern  that supports the m odel. I f  the spread o f  the points show n in Figure 8.4 gave a 
curvilinear pattern  or increasing values o f  the residuals w ith  fitted values then some 
doubt w ould  have been cast on the m odel.
Figure 8.4: Predicted Values vs Residuals
1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0
Fitted Value
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Assumption: Normality
The norm al distribution o f  the residuals w as tested  by looking at its histogram  (Figure 
8.5). Figure 8.5 below  shows the histogram  o f  the standard residuals w ith  a  norm al 
curve superim posed. The m odel w as supported as the residuals fo llow ed the 
approxim ate norm al distribution. In addition, alm ost all values w ere found to  be w ithin 
±2 standard deviations i.e. the 95%  confidence intervals o f  the standard norm al 
distribution.
Figure 8.5: Histogram of Residuals with Normal Curve
-2.5 -2.0 -1.5 -1.0 -0.5 -0.0 0.5 1.0 1.5 2.0
Residuals
Assumption: Constant Variance
C onstant variance o f  the residuals w as accessed by plotting the residuals against the 
predicted values in Figure 8.4. F itted  values random ly scattered about zero, w hich 
supported the constant variance assum ption.
8.9 Validity of the Model
The sim plest approach to validate is to use another sam ple from  the population. 
H ow ever, in this m odel analysis there w ere only 25 valid responses and all o f  them  had 
already been used. Tim e and financial constraints m ade it im possible to  obtain another 
set o f  new  data to validate th is m odel. Therefore, som e other approach w as required to 
validate the m odel. The first approach w as to look at R 2adj value. In a  good m odel the
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difference betw een values R2 and R*dj should be low , w hich w as found to be true in  the 
selected model, and has been show n in  right m ost colum n o f  Table 8.6.
Table 8.10: Sub-sampled Backward Elimination Model; Alpha-to-remove (P- 
value): 0.15; Response is Actual Delay on 14 Predictors, with N = 20.
Steps 1 2 3 4 5 6 7 8 Orig.Model
Constant 136.6 136.2 139.1 134.1 130.6 127.4 133.6 134.5 112.6
IDFF1 0.57 0.56 0.61 0.57 0.65 0.63 0.53 0.66 0.77
T-Value 0.98 1.10 1.39 1.35 1.71 1.70 1.47 1.84 2.21
P-value 0.372 0.315 0.206 0.213 0.122 0.120 0.171 0.090 0.042
PDDF1 0.69 0.71 0.59 0.39
T-Value 0.65 0.74 0.75 0.56
P-value 0.547 0.487 0.476 0.594
PDDF2 2.38 2.44 2.24 2.23 2.01 1.86 1.79 1.73 1.55
T-Value 1.54 2.09 2.74 2.82 3.06 3.10 2.97 2.81 2.44
P-value 0.184 0.082 0.029 0.022 0.014 0.011 C.013 0.016 0.027
PDDF3 -1.1 -1.1 -0.90
T-Value -0.63 -0.69 -0.69
P-value 0.557 0.517 0.514
CDF1 -0.42 -0.41 -0.44 -0.28 -0.35 -0.43
T-Value 0.65 -0.72 -0.84 -0.62 -0.83 -1.10
P-value 0.543 0.497 0.431 0.554 0.429 0.296
CDF2 -3.9 -3.90 -3.9 -3.5 -0.35 -3.2 -2.80 -1.94 -2.63
T-Value -2.40 -2.63 -2.82 -2.86 -2.95 -2.97 -2.73 -2.40 -2.71
P-value 0.061 0.039 0.026 0.021 0.016 0.014 0.020 0.033 0.015
CDF3 2.51 2.47 2.65 2.42 2.67 2.79 2.54 2.65 3.10
T-Value 1.55 1.82 2.47 2.45 3.14 3.46 3.25 3.33 3.91
P-value 0.181 0.118 0.043 0.040 0.012 0.006 0.008 0.006 0.001
CDF4 1.31 1.28 1.40 1.22 1.30 1.40 1.25 1.21 1.43
T-Value 1.45 1.74 2.68 2.80 3.27 3.95 3.79 3.60 4.03
P-value 0.206 0.132 0.032 0.023 0.010 0.003 0.003 0.004 0.001
CDF5 6.4 6.50 6.2 5.80 5.9 5.50 4.90 5.1 3.78
T-Value 1.95 2.48 2.88 2.89 3.07 3.11 2.89 2.92 2.40
P-value 0.108 0.048 0.024 0.020 0.013 0.011 0.015 0.013 0.029
CDF6 -17.3 -17.2 -16.0 -13.3 -10.3 -10.2 -8.5 -6.6 -10.3
T-Value -1.60 -1.75 -2.00 -1.98 -2.72 -2.77 -2.52 2.12 -2.94
P-value 0.17 0.130 0.085 0.084 0.024 0.020 0.028 0.056 0.010
CDF7 1.10 1.11 1.21 1.10 1.07 1.52 1.06 Not
Entered
1.24
T-Value 0.71 0.78 0.97 0.91 0.93 1.67 1.30 2.12
P-value 0.508 0.463 0.366 0.388 0.379 0.125 0.221 0.050
CDF8 0.10
T-Value 0.06
P-value 0.952
CDF9 1.7 1.70 1.50 1.20 0.80
T-Value 0.82 0.90 0.95 0.82 0.67
P-value 0.442 0.404 0.372 0.436 0.520
TDF4 0.08 0.10
T-Value 0.16 0.26
P-value 0.881 0.806
92.35 92.35 92.26 91.74 91.42 91.0 89.90 88.36 85.23
R i, 70.94 75.77 79.0 80.39 81.90 82.89 82.56 81.57 77.84
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A nother approach used w as to m ake a random  sub-sam ple and com pare the results. 
Tw enty responses out o f  the 25 initial responses already used in the selected m odel 
w ere random ly  selected to m ake a sub-sam ple. U sing the sub-sam ple, m odels were 
produced through backw ard elim ination procedure and shown along w ith  the original 
selected m odel in  Table 8.10. The original selected m odel w as com pleted  at the 7 step 
in  Table 8.6 and eight factors w ere retained in  the m odel. In the original m odel in Table
8.6 the factor CDF7 w as next factor w ith  the sm allest T-value i f  another factor w ould 
have to  be  dropped from  the m odel at next step. Ironically, the factor CD F7 did not 
enter a t the  8th step o f  the sub-sam pled m odel in  Table 8.10, w hich w as significant to 
support the  validity o f  the m odel.
8.10 S u m m ary
A t the beginning o f  the research pro ject it w as speculated that there could  be strong 
links am ong delay factors in  d ifferent stages throughout the construction process. The 
application o f  stepwise regression dem onstrated an absence o f  strong links betw een the 
factors affecting delay at the d ifferent stages o f  the project.
The in ten t o f  this chapter w as to  develop different types o f  m ultiple regression  m odels 
to com pare their perform ances to explain the duration o f  delays. A ll the m odels 
perform ed w ell at prediction o f  delays; how ever, the backw ard elim ination regression 
m odel perform ed better than other m odels. It also passed the assum ption  and validity 
tests. Therefore, it has been concluded that the backw ard elim ination regression model 
is the m ethod o f  choice to predict delays.
E quation  8.4 should be useful for developers to predict total delays at inception o f  a 
new  project. C oefficient o f  regression analysis predicted how  m uch a  factor can 
contribute to the total delays o f  a  project, w hich should be very useful to all participants 
involved in a  high-rise construction project. H ow ever, the m ultip le regression m odel 
m ay require further testing w ith new  sets o f  data for generalisation.
It has been  m entioned in  section 7.1 o f  the previous chapter that construction  industry is 
yet to capitalise full benefits o f  using m ultivariate statistics (factor analysis, regression 
analysis etc.). Successful use o f  these statistical techniques in th is research  project w ill
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certainly encourage future researchers to carry out m ore research projects to integrate 
these techniques in construction industry according to their needs.
So far detail data analyses o f  the first survey have been discussed. The next chapter w ill 
focus on the  second survey, w hich deals w ith  the m itigating m easures o f  tim e-overruns.
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Chapter 9 
SECOND SURVEY 
MITIGATING MEASURES
9.1 Introduction
The first survey reported in the previous chapters (chapter 4 -8 )  evaluated the causes o f 
tim e and cost overruns. M itigation o f  the causes o f  tim e overruns is a part o f  this research 
project. A further survey was conducted am ong experts o f  high-rise construction industry in 
Dhaka, to obtain first hand knowledge as to how the causes o f tim e overruns could be 
mitigated.
The following aspects are addressed in this chapter:
® How the strategy o f  the second survey was developed
•  How the mitigating measures for delays were identified
•  How a questionnaire was developed using the identified measures
•  W hat was the experience o f  conducting an interview
•  How data was analysed
9.2 Survey
The main objective o f this survey w as to find out the important factors that could mitigate 
tim e overruns, using the m ethodology sim ilar to that o f  the first survey. A sim ilar strategy, 
as in the first survey, was used to conduct this survey in October/Novem ber 2001. Based on 
the success o f  personal interviews used in the first survey, it was decided that a similar 
approach will be used using a new set o f  questionnaire. Considering tim e and budget 
restrictions and recommended sample size mentioned in section 4.3 o f  chapter 4, it was 
decided that the sample size o f  this survey will be limited to 40. Experience plays a vital 
role in problem  solving in the construction industry. Therefore, this survey w as targeted at 
experts having at least ten years o f  experience in the construction industry.
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The questionnaire o f the first survey included 72 delay variables, w hich have been ranked 
using RII in preliminary data analysis in chapter 6. The application o f  a scree graph 
approach enabled the identification o f  the 31 m ost important variables causing delays. The 
application o f  factor analysis converted these 31 highest-ranking variables into 14 
representative factors in chapter 7. Application o f  m ultiple regression produced a model 
that explained about 85% o f  delays, using only eight delay factors. Considering suitability 
o f  tim e and resources, the second survey was conducted to find ways to mitigate the 
consequences o f  the delay variables, after completing only prelim inary data analysis o f  the 
first survey in chapter 6. I f  the second survey had been conducted after com pleting full 
analysis as in chapter 7 and 8, the num ber o f  m itigating measures in the questionnaire o f  
the second survey could have been less. However, twenty-two m easures in different phases 
and groups, as in the questionnaire o f  the first survey, were identified based on literature 
review and experience. These were capable o f  m itigating the causes o f  delays found in the 
result o f  prelim inary analysis o f  the initial survey in Chapter 6. A sim ilar semi-structured 
format and a 5-point scale were used as in the first survey to construct a set o f  questionnaire 
using the twenty-two mitigating measures. Unlike the questionnaire set o f  the first survey 
no dem ographic questions were used. The questionnaire was designed and developed under 
the supervision o f  the same supervisory team as in the first survey. A pilot test o f  the 
questionnaire did not suggest any significant amendments. Final versions o f  the 
questionnaire and the covering letter have been attached in Appendix 2.
M ost o f  the interviewees w ere selected from the database o f  the first survey. W ork 
experience was given preference, in the selection process, over random  sampling. 
Additionally, new clients were selected for the second survey based on their experience and 
seniority. Experience o f  the first survey made it easier to secure interview  slots with the 
potential interviewees. Potential interviewees were approached in person and over the 
phone, by the researcher. M ost o f  the interviewees approached in person agreed to take part 
in the interview  instantly. Others w ere interviewed at a mutually suitable date.
The potential interviewees were given a brief o f  the reasoning and the necessity o f  the 
second survey. The questionnaire and the cover letter were shown to the respondents. The
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interviewer asked the questions using the same words and sequences as in the 
questionnaire, to maintain consistency. During the interview the interviewer took care not 
to express his own opinion that m ight influence the respondents’ answer. Experience o f the 
first survey was found to be very useful to build up rapport during the interview. The 
interviewer clarified any queries that the interviewee may have about any o f  the questions. 
Respondents were asked to answ er questions based on general knowledge o f  high-rise 
construction industry rather than a selected project based knowledge as was in the first 
survey. The answers and com m ents were recorded by the interviewer in the questionnaire. 
After com pleting the interview a com plim entary copy o f  the preliminary results o f  the first 
survey was handed to the interested respondents. A ltogether 37 respondents (11 developers, 
14 project managers, 6 consultants and 6 contractors) were interviewed. The average 
experience o f  the respondents was approxim ately 16 years.
9.3 Analysis of Data
The approach to data analysis o f  this survey was similar to that o f  the first survey. 
Prelim inary analysis was done to rank the individual variables. The factor analysis was 
applied to reduce the number o f  variables into factors. Then stepwise selection procedure 
was used to find links between factors in different stages.
9.3.1 Preliminary Analysis
Variables were ranked in descending order o f  im portance based on Relative Importance 
Index (RII), similar to that used for variables in the first survey. Equation 6.1 in chapter 6 
was used to calculate RII values o f  individual variables. The results o f  the prelim inary 
analysis have been shown in Table 9.1.
‘Im proving cash flow system ’ was ranked as the m ost important m itigating measure. This 
m easure was given the highest rating by 25 (67% ) respondents. It was followed by the 
m easure ‘im provement o f  comm unication and co-ordination among project participants’,
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Table 9.1: RII (1 = Least to 5 = Most) and Rank of Mitigating Measures of Time 
Overruns; Number of Respondents 37
N o M i t i g a t i n g  m e a s u r e s  o f  t i m e  o v e r r u n
S c a l e
R I I R a n k5  4  3  2  1
N o  o f  r e s p o n d e n t s
A I n c e p t i o n  s t a g e
A, I m p r o v i n g  c l i e n t s ' d e c i s i o n  m a k i n g  p r o c e s s 1 0 1 0 1 3 4 0 3 . 7 0 1 7
B P l a n n i n g  a n d  d e s i g n  s t a g e
B , P l a n n i n g  &  d e s i g n  r e l a t e d
B„ I m p r o v i n g  p l a n n i n g  a n d  d e s i g n i n g  i n  p r e - c o n s t r u c t i o n  p h a s e 1 6 7 8 5 0 3 .8 6 1 1
B i .2 I m p r o v i n g  c o m m u n i c a t i o n  b e t w e e n  o w n e r ( s )  a n d  c o n s u l t a n t ( s ) 1 5 5 9 8 0 3 . 7 3 1 6
B ,.3 I m p r o v i n g  p r e - p l a n n i n g  s ite  r e c o n n a i s s a n c e 1 1 1 0 1 1 2 2 3 .6 8 1 8
b 2 G o v e r n m e n t  r e l a t i o n s
b 2, R e d u c i n g  b u r e a u c r a c y 1 6 7 8 4 2 3 . 8 4 1 2
c C o n s t r u c t i o n  s t a g e
C , M a t e r i a l
c, I I m p r o v i n g  m a t e r i a l s  p r o c u r e m e n t  s y s t e m 2 2 7 4 0 4 4 . 1 6 4
c 2 M a n p o w e r
C2.i A v a i l a b i l i t y  o f  w o r k  f o r c e  a n d  s k i l l s 1 2 1 0 7 4 4 3 .5 9 2 1
c 2.2 A r r a n g i n g  t r a i n i n g  /  w o r k s h o p s  /  s e m i n a r s  f o r  c o n t r a c t o r s , 
p r o j e c t  m a n a g e r s , c o n s u l t a n t s  a n d  c l i e n t s
7 1 5 1 2 1 2 3 .6 5 2 0
C 2.3 R e w a r d  s y s t e m 1 1 1 6 8 1 1 3 .9 5 1 0
C 3 E q u i p m e n t
C 3 .1 I n t r o d u c i n g  m o d e m  e q u i p m e n t  a n d  c o n s t r u c t i o n  m e t h o d  a n d  
t e c h n o l o g y
1 5 1 4 5 1 2 4 .0 5 8
C 4 F i n a n c i n g
C 4 .1 I m p r o v i n g  c a s h  f l o w  s y s t e m 2 5 8 2 2 0 4 . 5 1 1
C 4 .2 D e v e l o p i n g  a n d  i m p r o v i n g  m o r t g a g e  /  l o a n  s y s t e m 1 7 1 0 8 2 0 4 . 1 4 6
C 5 C h a n g e s
C 5 .1 R e d u c i n g  c h a n g e s  o f  d e s i g n  a n d  m a t e r i a l s 1 1 1 4 8 3 1 3 . 8 4 1 3
C 5 .2 I m p r o v e  m o t i v a t i o n  t o  r e d u c e  t o  c h a n g e  i n  p e r s o n n e l 1 3 8 1 2 3 1 3 . 7 8 1 5
c 6 S c h e d u l e  a n d  c o n t r o l
Q.i D e v e l o p i n g  r o b u s t  p l a n n i n g  a n d  s c h e d u l i n g  i n s t r u m e n t s 2 1 8 7 1 0 4 . 3 2 3
Q.2 I m p r o v i n g  s i t e , r e s o u r c e  m a n a g e m e n t  a n d  s u p e r v i s i o n 1 5 1 1 9 1 1 4 .0 3 9
Q .3 D e v e l o p i n g  a n d  i m p r o v i n g  d a t a b a s e 1 8 1 2 4 1 2 4 . 1 6 5
C 7 S o c i a l  a n d  e n v i r o n m e n t a l  is s u e s
C 7 .1 I m p r o v i n g  u t i l i t i e s  a n d  w o r k i n g  c o n d i t i o n s  a t  s ite 1 1 1 0 1 0 4 2 3 .6 5 1 9
C 8 C o n t r a c t u a l  r e l a t i o n s h i p
Cg.i I m p r o v i n g  c o m m u n i c a t i o n  a n d  c o - o r d i n a t i o n  a m o n g  p r o j e c t  
p a r t i c i p a n t s
2 2 9 6 0 0 4 . 4 3 2
Q.2 I m p r o v i n g  c o n t r a c t  s y s t e m 1 4 1 6 5 2 0 4 . 1 4 7
Q .3 E n h a n c i n g  s p e c i a li s t  p a r t i c i p a n t s  i n  c o n s t r u c t i o n 1 3 1 4 5 0 5 3 .8 1 1 4
D T r a n s f e r  s t a g e
D, D e v e l o p i n g  m o r e  r e l a x e d  a n d  f l e x i b l e  p a y m e n t  s y s t e m 0 7 1 5 5 0 3 .5 9 2 2
which w as given the highest rating by 60%  o f  respondents. The m easure, ‘developm ent o f  
robust planning and scheduling instrum ents’ was the third most important variable and 57% 
o f respondents gave it the highest rating. The measures, ‘improving m aterials procurem ent
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system ’ and ‘developing and im proving database’ had equal RII. These two variables were 
given the highest rating by 60%  and 49%  respondents respectively. The measures, 
‘improving m aterials procurem ent system ’ and ‘developing & im proving database’, were 
ranked respectively as the 4th and 5th m ost important variable. The m easures ‘developing 
and improving mortgage/loan system ’ and ‘improving contract system ’ also have the same 
RII, but based on the respondents’ attribution o f  highest rating, they have been ranked as 
the 6th and 7th m ost important m easures respectively. The measure, ‘introducing m odem  
equipm ent and construction method and technology’, was the 8th ranked variable, while 
‘improving site, resource managem ent and supervision’, was ranked 9th. The measure, 
‘reward system for good w orks’, was ranked 10 .
9.3.2 Factor Analysis
It m ay be recalled from chapter 7 (section 7.2) that scree graph was used to segregate 
important and unim portant variables because M initab could not run factor analysis using all 
the variables together in the construction stage. But, the num ber o f  variables used in the 
second survey was less than that com pared to the first survey and M initab was able to use 
all the m itigating m easures together in the construction stage. M oreover, inconsistent 
sudden drop o f  RII values o f individual variables was not found in Table 9.1. Therefore, it 
was not necessary to apply scree graphs. Factor analysis was applied to the 22 m itigating 
m easures (Table 9.1) according to stages, regardless o f  group. Based on eigenvalues >  1.0, 
factors were extracted. Varimax rotation was applied for easier interpretation o f  factors. 
M itigating measures having factor loading > ±  0.50 were included in the factors. Two 
factors were extracted in plan and design stage; while six factors were extracted in 
construction stage. It was not necessary to use factor analysis in the inception and transfer 
stages; because there was only one variable in each o f  these two stages. Those variables 
were treated as factors in respective stages.
9.3.2.1 Naming of Factors
The ten extracted mitigating factors could be interpreted under the following nam es based 
on the result o f  the factor analysis as shown in Table 9.2.
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A. Incep tion  stage
IM F 1 : Im provem ent o f  decision m aking process
B. P lan  an d  design stage
PD M F1: Im provement o f  selection o f  consultants 
PD M F2: Improvement o f  planning and designing
C. C onstruction  stage
C M F 1: Improvement o f  technical and quality management 
C M F2: Improvement o f human resource managem ent 
C M F3: Improvement o f  strategic m anagem ent system 
C M F 4: Improvement o f  efficiency o f  site managem ent 
C M F 5: Improvement o f  m ortgage/loan system 
C M F 6: Improvement o f  cash flow system
D. T ra n s fe r  stage
TD F1: Developm ent o f  more relaxed and flexible payment system
9.3.2.2 In te rp re ta tio n  o f F ac to rs
The following discussion about the factors was based on Table 9.2. Eigenvalues and % o f 
variances have been shown at the bottom rows o f  the table. Two m itigating measures (C 5 2 
and C6.1) were not included in any factor in Table 9.2, because these tw o measures could be 
highly correlated with others. The num erical values in parentheses in the column o f  
m itigating measures o f  Table 9.2 represent rank o f  individual m itigating measures.
A. Incep tion  stage
Im p ro v in g  decision m ak ing  p rocess (IM F1): Only one variable was in this factor. 
It was quite common for clients in Bangladesh to change their m ind frequently regarding 
plans as and when they got ideas from different sources, which resulted in tim e overruns.
B. P lan  & design stage
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Im p ro v em en t o f selection o f  consu ltan ts  (PD M 1): This factor was found to be the m ost 
im portant one explaining alm ost 38% o f variance at this stage. This factor consists o f  three 
variables ‘improving comm unication between owner(s) and consultant(s)’, ‘improving 
planning and designing in pre-construction phase’ and ‘improving pre-planning site 
reconnaissance’. It is apparent that the three variables in this factor are linked with selection 
o f  the consultants e.g. planners and designers. All the variables in this factor have positive 
loadings, suggesting that the perceptions o f  the respondents are quite similar.
Im p ro v em en t o f p lann ing  an d  designing (PD M 2): This factor com prises two variables 
‘reducing bureaucracy’ and ‘im proving pre-planning site reconnaissance’. The second 
variable contributes to both factors at this stage. An efficient team o f consultants produce a 
good plan and design, which ultimately requires minimum tim e to secure planning 
perm ission from the authority.
C . C onstruc tion  stage
Im p ro v em en t o f techn ical an d  qua lity  m an agem en t (C M F1): This is the most important 
factor, which could explain about 16% o f variance. This factor consists o f four variables 
which are, ‘improvement o f  material procurem ent system ’, ‘availability o f  w ork force and 
skills’, ‘introducing m odem  equipm ent and construction method and technology’ and 
‘enhancing specialist participants in construction’. All the variables in this factor have 
positive loadings, suggesting that the perceptions o f  the respondents are quite similar. The 
factor relates to improvement o f  com m unication and co-ordination o f  contract issues.
Im p ro v em en t o f h u m an  resou rce  m anagem en t (C M F2): The second m ost important 
factor at this stage comprises three variables, which are ‘reward system ’, ‘arranging 
training/workshops/sem inars for contractors, project managers, consultants and clients’ and 
‘developing and improving database’. All the variables in this factor have negative factor 
loading and this factor could explain about 15%  o f  variance in the construction stage.
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T ab le  9.2: V arim ax  R o ta ted  F a c to r  M atr ix ; E x trac tion  M ethod : P rincip le  C om ponen t A nalysis; E igenvalues > 1.0,
F a c to r  L oad ings > ±  0.50
F ac to rs M itiga ting  M easures IMFl PDMF1 PDMF2 CMF1 CMF2 CMF3 CMF4 CMF5 CMF6 TMF1
I M F  1 :  Im p r o v e m e n t  o f  
d e c is io n  m a k in g  p ro c e s s
A .  I n c e p t i o n  s ta g e
I m p r o v i n g  c lie n ts ’  d e c is io n  m a k in g  p ro c e s s  ( 1 7 )
P D M F  1 :  Im p r o v e m e n t  o f  
s e le c tio n  o f  c o n s u lta n ts
B .  P l a n n i n g  a n d  d e s ig n  s ta g e
I m p r o v i n g  c o m m u n ic a tio n  b e tw e e n  o w n e r ( s )  a n d  c o n s u lt a n t s )  ( 1 6 ) 0,769
I m p r o v i n g  p la n n in g  a n d  d e s ig n in g  in  p r e -c o n s tr u c tio n  p h a s e  ( 1 1 ) 0,768
I m p r o v i n g  p r e - p la n n in g  site  re c o n n a is s a n c e  ( 1 8 ) 0.576
P D M F  2 :  I m p r o v i n g  
p la n n in g  a n d  d e s ig n in g
R e d u c i n g  b u r e a u c r a c y  ( 1 2 ) 0.877
I m p r o v i n g  p r e - p la n n in g  site  re c o n n a is s a n c e  ( 1 8 ) 0.559
C M F  1 :  I m p r o v e m e n t  o f  
te c h n ic a l a n d  q u a lit y  
m a n a g e m e n t
C .  C o n s t r u c t i o n  s ta g e
I m p r o v i n g  m a te ria ls  p r o c u re m e n t s y s te m  ( 4 ) 0.857
A v a i l a b i l i t y  o f  w o r k  fo r c e  a n d  s k ills  ( 2 1 ) 0.822
I n t r o d u c in g  m o d e m  e q u ip m e n t a n d  c o n s tru c tio n  m e th o d  a n d  t e c h n o lo g y  
( 8 )
0.674
E n h a n c i n g  s p e c ia lis t p a r tic ip a n ts  in  c o n s tru c tio n  ( 1 4 ) 0.580
C M F  2 :  Im p r o v e m e n t  o f  
h u m a n  re s o u rc e  
m a n a g e m e n t
R e w a r d  s y s te m  ( 1 0 ) -0.806
A r r a n g i n g  tra in in g / w o r k s h o p s / s e m in a rs  f o r  c o n tr a c to rs , p r o je c t m a n a g e r s , 
c o n s u lta n ts  a n d  c lie n ts  ( 2 0 )
-0.779
D e v e l o p i n g  a n d  im p r o v i n g  d a ta b a s e  ( 5 ) -0.752
C M F  3 :  I m p r o v e m e n t  o f  
s tra te g ic  m a n a g e m e n t 
s y s te m
R e d u c i n g  c h a n g e s  o f  d e s ig n  a n d  m a te ria ls  ( 1 3 ) -0.826
I m p r o v i n g  u tilit ie s  a n d  w o r k i n g  c o n d itio n s  at site  ( 1 9 ) -0.566
I m p r o v i n g  c o n tr a c t s y s te m  ( 7 ) -0.566
E n h a n c i n g  s p e c ia lis t p a r tic ip a n ts  in  c o n s tru c tio n  ( 1 4 ) -0.564
C M F  4 :  Im p r o v e m e n t  o f  
e f f ic ie n c y  o f  site 
m a n a g e m e n t
I m p r o v i n g  s ite , re s o u rc e  m a n a g e m e n t a n d  s u p e r v is io n  (9 ) 0.824
I m p r o v i n g  c o m m u n ic a tio n  a n d  c o -o r d in a tio n  a m o n g  p r o je c t p a rtic ip a n ts  
( 2 )
0.812
C M F  5 :  I m p r o v e m e n t  
m o rtg a g e / lo a n  s y s te m
D e v e l o p i n g  a n d  i m p r o v i n g  m o rtg a g e / lo a n  s y s te m  ( 6 ) 0.886
C M F  6 :  ’ m p r o v e m e n t  o f  
c a s h  f l o w  s y s te m  ( 1 )
I m p r o v i n g  c a s h  f l o w  s y s te m  ( 1 ) -0.919
T M F 1 :  D e v e l o p m e n t  o f  
r e la x e d  a n d  f le x ib le  
p a y m e n t  s y s te m
D .  T r a n s f e r  s ta g e
D e v e l o p i n g  m o r e  r e la x e d  a n d  f le x ib le  p a y m e n t s y s te m  ( 2 2 )
Eigenvalues/variances 1.514 1.26 2.533 2.470 2.179 2.085 1.376 1.337
% of variance 37.9 31.6 15.8 15.4 13.6 13.0 8.6 8.4
* T h e  v a r ia b le s  ‘ C 6 D e v e lo p i n g  r o b u s t p la n n in g  a n d  s c h e d u lin g  in s tru m e n ts  ( 3 ) ’  a n d  ' C 5 2: I m p r o v e  m o tiv a t io n  to  re d u c e  t o  c h a n g e  in  p e rs o n n e l ( 1 5 ) ’  h a v e  n o t b e e n  in c lu d e d  in  a n y  fa c to r .
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Im p ro v em en t o f s tra teg ic  m an agem en t system  (C M F3): There are four variables in this 
factor, which could explain about 13% variance at this stage. The variables in this factor are 
‘reducing changes o f  design and m aterials’, ‘improving utilities and w orking conditions at 
site’, ‘improving contract system ’ and ‘enhancing specialist participants in construction’.
Im p ro v em en t o f efficiency o f  site  m anagem en t (C M F4): There are tw o variables in this 
factor, which are ‘improving site, resource m anagem ent and supervision’ and ‘improving 
communication and co-ordination among project participants’. The com m on them e o f  this 
appears to be site managem ent team work. Introduction o f  formal benchm arking system o f  
site managem ent team w ork can improve the efficiency o f  site m anagem ent.
Im p ro v em en t o f m ortgage/Ioan  system  (C M F5): A single variable com prises this factor. 
Securing loan or mortgage for custom ers to buy accommodation in Bangladesh is not easy. 
Im provem ent o f  mortgage/loan system could significantly reduce delays due to cash flow.
Im p ro v em en t o f cash flow system  (C M F6): There is only one variable in this factor. Cash 
flow problem  can happen due to irregular paym ents by custom ers, irregular paym ent to 
contractors or material suppliers by developers or irregular paym ents to labourer by 
contractors. This factor can explain about 8.4% o f  variances in construction stage.
D. T ra n s fe r  stage
D evelopm ent o f  m ore re laxed  an d  flexible p ay m en t system  (T M F1): There is only one 
variable in this factor. A t this stage the project is almost complete and the type o f  delay can 
be different. Different flats had been sold to different customers, but due to financial 
obligations and other reasons the transfer o f  flats can be held up, causing delay in 
completion o f  the project.
9.4 F a c to r  L inks in Successive Stages
Stepwise selection method was used to evaluate relationships between the factor scores in 
one stage o f  the construction process to those in the previous stage, w hich is sim ilar to that 
in section 8.3. The result o f  this analysis is presented in Table 9.3. N ine stepwise
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regressions were performed (Table 9.3), compared to 92' separate m ultiple regressions 
required to produce all possible models. For example, the factor score o f  the factor CMF1 
in the construction stage was defined as the dependent variable and the scores o f  the two 
factors PDMF1 and PDM F2 found at the planning and design stage were possible 
explanatory variables. The overall relationships established between factors in successive 
stages have been shown in the following table:
Table 9.3: Stepwise Selection Approach in Successive Stages; AIpha-to-Enter: 0.15 (*; 
P - V a l u e <  0 . 1 5 ) ,  Alpha-to-Remove: 0.15 (X; P - V a l u e > 0 . i 5 ) .
F a c t o r  l i n k s  b e t w e e n  i n c e p t i o n  a n d  p l a n  &  d e s i g n  s t a g e s
R 2 ( % )
I M F 1
P D M F 1 X
P D M F 2 X
F a c t o r  l i n k s  b e t w e e n  p l a n  &  d e s i g n  a n d  c o n s t r u c t i o n  s t a g e s
P D M F 1 P D M F 2
C M F 1 ✓ X 2 9 .8 1
C M F 2 ✓ X 1 0 .5 8
C M F 3 X X
C M F 4 X </ 7 . 2 3
C M F 5 X X
C M F 6 X X
F a c t o r  l i n k s  b e t w e e n  c o n s t r u c t i o n  a n d  t r a n s f e r  s t a g e s
C M F 1 C M F 2 C M F 3 C M F 4 C M F 5 C M F 6
T D F 1 X X y/ X X X 2 0 .6 4
Only a few links have been found in successive stages. For example, the strongest link was 
found between factor PDMF1 (im provem ent o f  selection o f consultants) in the planning & 
design stage and factor CMF1 (im provem ent o f  technical and quality m anagem ent) in the 
construction stage, with a R2 value o f  nearly 30%. Again, factor TMF1 (developm ent o f  
relaxed and flexible payment system) in the transfer stage was found to be linearly related 
to factor CMF3 (im provem ent o f  strategic m anagem ent system) in the construction stage, 
with a  R2 value o f  nearly 21%. N either factors in plan & design stage found to be linearly 
related to inception stage.
1 92 = 1X26 (Between transfer & construction stages) + 6X22(Between construction & planning and design stages) + 2X21 (Between 
planning and design & inception stage)
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9.5 M itiga ting  D elay F ac to rs
The delay and mitigating factors obtained through the analysis o f  data from the first and 
second survey have been presented in Table 9.4. The researcher attem pted to relate the 
delay and mitigating factors in different stages based on his personal experience and the 
qualitative comments collected during first and second survey.
A. Incep tion  stage
‘Change o f  initial planning’ is the only factor in this stage. This is an important delay factor 
especially with the am ateur developers (mentioned in section 6.3.7) who came into the real 
estate business by starting construction projects on their family-owned land. Involvem ent o f 
family members in initial decision-m aking process cause significant delays in the inception 
stage. Sim ilar delays happen from family land ow ners’ part in the land acquisition dealing 
process between professional developers and shared land owners. Further research is 
needed to establish how this decision making process o f  family owned land could be 
improved.
B. P lan n in g  & design stage
The delay factors at this stage are ‘perm issions’, ‘change o f  p lan’ and ‘client’s decision 
making process’. Often securing planning permission o f  a project is delayed m ainly due to 
lack o f  relevant documents and information required by the authority. This could be a lack 
o f  knowledge or unprofessional attitude o f  the appointed consultants for the project. 
Selection o f  appropriate planning and design consultants could mitigate this type o f  delay. 
In some occasions it is necessary to make the planning permission authority happy, to avoid 
lengthy bureaucracy. M any developers (especially am ateur developers) change their mind 
frequently in different aspects in decision m aking process at this stage. Im provem ent o f  
decision making process is vital to m itigate delays at this stage. Systematic risk analysis o f  
planning and designing could mitigate delays in construction stage.
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T D F 1 :  C u s t o m e r s ’  p a y m e n t s
D .  T r a n s f e r  s t a g e
C D F 9 :  O w n e r s ’  c o - o p e r a t i o n
C D F 8 :  W e a t h e r
C D F 7 :  D i s r u p t i o n
C D F 6 :  C o n s t r u c t i o n  e r r o r
C D F 5 :  L a b o u r  p a y m e n t
C D F 4 :  C a s h  f l o w
C D F 3 :  S i t e  m a n a g e m e n t
C D F 2 :  S e l e c t i o n  o f  
c o n s u l t a n t  &  c o n t r a c t o r
C D F 1 :  S t r a t e g i c  m a n a g e m e n t
C .  C o n s t r u c t i o n  s t a g e
P D D F 3 :  C l i e n t 's  d e c i s i o n ­
m a k i n g
P D D F 2 :  C h a n g e  o f  p l a n
P D D F 1 :  P e r m i s s i o n s
B .  P l a n n i n g  a n d  d e s i g n  
s t a g e
I D F 1 :  C h a n g e  o f  i n i t i a l  
p l a n n i n g
A .  I n c e p t i o n  s t a g e
\  M i t i g a t i n g  F a c t o r s  
D e l a y  F a c t o r s  \
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T ab le  9.4: M itigation  o f D elay F ac to rs  ( * )
C. Construction stage
Failure to take appropriate decisions at strategic m anagement level can cause significant 
delays at this stage. During the survey it was noticed that a num ber o f  delays can be 
m itigated by introducing proper plan and programme. M any respondents com m ented that 
strategic managem ent delays occurred in m any occasions in approving even a simple m atter 
like ‘approval o f  sample m aterial’. Im proper selection o f  contractor could cause delays and 
quality o f  work. Strategic m anagem ent system could be improved w ithout increasing any 
significant cost.
Poor selection o f  specialised trade contractors, material suppliers and site managem ent 
monitoring team for construction m ay cause different types o f  delays. During the survey a 
num ber o f  poor quality o f  w ork and construction errors were identified, which required to 
be rectified. Improvement o f  selection o f  trade contractors, im provem ent o f  technical and 
quality managem ent could reduce these kinds o f  delays and quality o f  works.
Lots o f  delays happen due to inefficiency o f  site management. Discussions during the 
survey revealed that lack o f  coordination and a proper monitoring system lead to poor 
quality o f  work and construction error. Efficiency o f  a site m anagem ent team could be 
improved significantly by introducing human resource managem ent system, arranging 
training, seminars and workshops. This may cause some expenditure but it can increase 
efficiency, and the expense can be justified.
Cash flow played a vital role on delays especially with small developers. It has been 
m entioned in chapter 6 that norm ally developers do not borrow m oney from bank, and that 
the custom ers’ instalment paym ents were the main source o f cash flow. Securing bank loan 
or m ortgage for customers is not easy. I f  custom ers did manage to secure a bank loan the 
am ount was very limited in percentage term s o f  the total value o f  a flat. Therefore, irregular 
paym ent o f instalments by custom er was found to be usual and this could result in irregular 
paym ents by developers to others (contractors, material suppliers, em ployees etc). In some 
cases, developers slowed down (uncooperative) some projects where the projected sale
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rates w ere low and payments were irregular. Im provem ent o f  bank loan/m ortgage system is 
seen as a necessity.
Consequences o f  delays due to political strike can be mitigated if  site m anagem ent are 
careful in their own judgem ents. For example, delivery o f material is the affected issue 
during a political strike. Short political strikes (a day) should not affect much if  it is 
possible to store material in advance. Disruption o f  construction work due to design error 
and design changes can be reduced if  the designers use systematic risk m anagem ent system 
at planning and designing stage. Delays due to design error and construction error can be 
reduced if  the site m anagement team study drawings in advance and report any discrepancy 
or error to the appropriate authority.
D. T ra n s fe r  stage
It has been mentioned earlier in chapter 6 (section 6.4.4) that the projects were almost 
com plete at this stage and the type o f  delays was different. Flats required only final 
finishing works; at this stage a developer always wanted to transfer the flats to custom er as 
soon as possible. D ifferent flats were sold to different customers. But som etim es due to 
financial uncertainties o f  custom ers, significant num ber o f flats cannot be transferred to 
them on due dates. This is because custom ers are often over ambitious, at the time they plan 
to purchase a flat, as to how much they can afford. I f  customers are unable to pay in full the 
developers normally will not transfer the flat to them. Development o f  a secure but relaxed 
and flexible payments system could reduce this type o f  delays.
9.6 S um m ary
The ranks o f  the individual m itigating m easures have been shown in Table 9.1. However, 
‘im proving cash flow’, improving com m unication and coordination am ong project 
participants’ and ‘developing robust planning and scheduling instrum ents’ were found to be 
the three m ost important measures. The application o f  factor analysis successfully enabled 
the conversion o f  22 m itigating m easures into 10 factors. The application o f  stepwise 
regression could not establish strong links between the mitigating factors in the different
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stages o f  the project. The m ost com m on causes o f  delays in different stages o f  high-rise 
construction projects that were identified in the preceding chapters can be reduced 
significantly by applying the m itigating factors that have been described in the above 
section. Overall there appears to be a good match between delay and m itigating factors in 
table 9.4, which supported validation o f  the success o f  this research project.
Up to this chapter an in-depth investigation has been carried out for causes o f  tim e overruns 
and how these can be mitigated. The next is the final chapter where findings, conclusions 
and recom m endations o f  the research have been presented.
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Chapter 10 
CONCLUSIONS
10.1 Introduction
D eveloped countries have im proved risk  m anagem ent through research and 
developm ent. To the best o f  the researcher’s know ledge; this is the first research project 
investigating tim e and cost overruns, in the construction industry, in B angladesh. 
S im ilar research has been carried out in other developing countries as m entioned in 
section 1.2.
R esearchers have used different approaches to carry out research in th is field. M ost 
researchers have investigated either the causes or the control m easures o f  tim e or cost 
overruns in the construction stage. V ery few  previous researchers have focused on 
causes and control m easures o f  tim e and cost overruns together. A  m ajority  o f  the 
researchers used postal questionnaires as the m ain  channel for data collection, as 
discussed in section 4.4, and m ost analysis used only rank o f  variables, as m entioned in 
section 6.4. Som e o f  the researchers did go a step further and used factor analysis to 
convert variables into reduced num ber o f  factors for analysis, as used by K am ing et al. 
(1997). To the best o f  this researcher’s know ledge, no research has been conducted to 
develop m odels to predict delays, using m ultivariate techniques. This research  project 
covered the gaps that have no t been  considered in previous research projects.
Personal interview  survey m odes w ere used for face-to-face field data  collection, w hich 
w as found to be very effective. The researcher in itially  spent four m onths in  B angladesh 
to investigate the causes o f  tim e and cost overruns, as described in  chapter 4. N orm ally, 
fo llow  up surveys are not conducted for this k ind o f  research, but; the  researcher 
conducted a second survey, on  how  to m itigate the significant causes o f  tim e overruns 
based on  results o f  the prelim inary analysis o f  the first survey. TTie researcher spent 
another six w eeks in B angladesh to conduct the second survey and the details have been 
d iscussed in chapter 9. Ranks o f  variables, factor analysis and m ultiple regressions have 
been used for data analysis, as described in chapters 6 to 8.
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10.2 C onclusions about R esearch F indings
The chronological findings o f  the research project have been sum m arised in  the 
follow ing sub-sections:
10.2.1 Research Methodology
The use o f  R afiery ’s three-step risk  m anagem ent cycle, as outlined in chapter 3, was 
found to be successful. Q uestionnaire developm ent and data collection, as described in 
chapter 4 &  5, represent the first step in the “risk  identification” cycle. The m aterial 
presented from  chapters 6 to 8 represent the second step “data analysis” , w hile that 
presented in  chapter 9 represents the th ird  step “risk response” .
10.2.2 Questionnaire Development and Data Collection
The data collection strategy w as found to be successful in eliciting m axim um  relevant 
inform ation. Identification o f  risks from  the literature review  o f  developing countries 
and the researcher’s first hand w ork experiences in the construction industry in 
B angladesh, w ere found to be relevant. M ixed-m ethod data collection strategy using 
sem i-structured questionnaires gave the opportunity  to com bine quantitative and 
qualitative data collection. The personal interview  survey proved to be very effective 
and the cheapest m ode o f  data collection for this project. The interaction betw een the 
interview er and interview ees during the interview s w as very  useful fo r developing 
interpersonal confidence and reducing any feeling o f  intim idation or m isunderstanding. 
This study has dem onstrated that th is m ode o f  data collection is a highly appropriate 
and productive process in the less sophisticated environs o f  the construction industry in 
developing countries. The pilo t survey w as useful to adjust and refine the questionnaire 
for subsequent surveys.
It is w orthw hile to m ention here that there is a  necessity o f  archives w here data from  
industry/projects, sim ilar to the ones collected in th is research project, should be stored 
to  benefit future research o f  this kind. Such data w ould provide very useful 
inform ation/guidance to future h igh-rise projects.
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10.2.3 Data Analysis of First Survey
In the data  analysis, ranking o f  variables, factor analysis and various m ultip le regression 
techniques w ere used. Prelim inary data  analyses were carried ou t in  chapter 6 for the 
ranks o f  TO V  and COV. The prelim inary  results indicated that: cash flow , planning & 
scheduling and design changes are the m ost im portant TO Vs. The analysis show ed a 
h igh  degree o f  agreem ent am ong the rank-order o f  TO Vs, as perceived  by the four 
categories o f  respondents viz, developers, consultants, contractors and project 
m anagers.
The cost overruns w ere fairly low  com pared to tim e overruns as described in section
6.6.2 o f  chapter 6 and no further analysis o f  COV was carried ou t after the  initial data 
analysis. A lthough th is research show ed low  cost overruns w ith  respect to  B angladesh, 
it can be different for other developing countries, where construction projects can be 
relatively m ore developed and sophisticated.
M any TO V s w ere found to be not significantly  im portant. A  Scree graph w as applied to 
segregate the significantly im portant ones from  the unim portant TO V s, as show n in 
Figure 7.1 in  chapter 7. Then the significant TO V s were retained for further analysis 
and the unim portant variables w ere discarded. The application o f  facto r analysis to 
TO V s, in successive stages, m ade it possib le to group the 31 im portant TO V s under 14 
representative factors according to the stages o f  the project, as described in Table 7.3 in 
chapter 7. The use o f  scree graph and factor analysis was found to  be m ost appropriate 
as it enabled the researcher to reduce the initial 72 variables to 14 factors, w hich m ade 
form al risk  m anagem ent a  m ore feasible proposition. A pplication o f  the scree p lo t and 
factor analysis condensed the inform ation contained in the original variables into 
sm aller num ber o f  factors w ith a m inim um  loss o f  inform ation.
Tw o objectives w ere sought a t this stage o f  research in chapter 8: (a) finding the in ter­
stage links am ong factors and (b) developing a m odel to pred ict significant percentage 
o f  tim e delays using a sm all num ber o f  factors. It was speculated that there could be 
strong links am ong delay factors in  d ifferen t stages throughout the construction process. 
But, application o f  stepw ise regression in  chapter 8 dem onstrated an absence o f  strong 
links betw een the factors that could have affected  delay at d ifferent stages o f  the project.
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Perform ances o f  the m odels, developed using different m ethods o f  m ultiple regressions, 
have been show n Table 8.9 in  chapter 8. B ackw ard elim ination process produced the 
best possib le m odel, using only eight factors, w hich could be used to predict delays up 
to  86%. This m odel should be easily  understandable to people w orking in the 
construction industry, as it w as developed using sm all num ber o f  factors. A ssum ptions 
and validity  o f  the backw ard elim ination m odel have been checked in  chapter 8 (section
8.7 and section 8.8 respectively) and found to be robust.
10.2.4 Data Analysis of Second Survey
The second survey w as based on the findings and the analysis o f  the first survey and 
w as conducted to determ ine how  the causes o f  tim e overruns can be m itigated. In the 
second survey a sim ilar m ethodology w as used for data collection and analysis as used 
in the first survey, and the results have been discussed in chapter 9. The three m ost 
im portant individual m itigating m easures o f  tim e overruns w ere found to be in the 
construction stage and the m easures were: ‘im proving cash  flow ’; ‘im proving 
com m unication and co-ordination am ong project participants’; and ‘developing robust 
p lanning and scheduling instrum ents’. Factor analysis enabled the conversion o f  22 
m itigating m easures to  10 m itigating factors, w ith m inim um  loss o f  inform ation in the 
original variables. The delay factors and the respective m itigating factors are put 
together in Table 9.4 in chapter 9 and a  qualitative com parison supports the validity  o f  
the tw o sets o f  factors.
10.3 Problems Encountered
M ost o f  the problem s arose during data collection for the first survey as discussed in 
chapter 5. N o system atic database existed that could show  how  m any developers w ere 
involved in the construction o f  high-rise projects in Bangladesh. The next problem  was 
to locate the project m anagers and contractors as they w ere ou t o f  touch w ith  the 
respective developers after finishing the specific projects tha t w ere picked for the 
survey. The process o f  locating these project m anagers and contractors w as som ew hat 
arduous and painstaking. The second survey w as designed in  such a  w ay so as to  avoid 
the problem s faced in the first survey, and the process ran com paratively  sm oothly.
151
10.4 Im plications for Theory
The research was aim ed at the high-rise construction industry in D haka, Bangladesh. 
B ut, the m ethodology and techniques used in  th is research are transferable in their scope 
and should, w ith appropriate m odification, be applicable to m any industries in the w orld 
w here the processes are no t highly controlled.
10.5 Implications for Policy and Practice
The m ain  beneficiaries o f  the findings o f  th is research pro ject are those who are 
involved in the process o f  high-rise construction projects in B angladesh. A lso, the 
findings should be useful for custom ers, concerned governm ent authorities o f  
B angladesh, researchers etc. It is obvious that som e custom s, policy and practices m ust 
necessarily  change or im prove to achieve full benefits o f  the findings o f  the research.
The tim e and cost overruns illustrated in  th is research w ill help governm ent policies, 
related  to high-rise construction, to be m odified. A lso, m ost o f  the factors that were 
identified  for tim e over-run w ere typical o f  developing countries. H ence both the 
concerned governm ent authorities and the project developers w ould do w ell i f  they 
im plem ent certain policies and adopt certain practices.
In developed counties, in general m ost o f  the tim e over-run factors are elim inated by 
m eans o f  well planned schedules, im m aculate planning and o f  course the undeniable 
advantage o f  unhindered cash flow. This is w here the findings o f  th is research w ill help 
bridge the gap by identifying the over run factors and devising m eans to rectify  them.
10.6 Limitations
The lim itations o f  the research have been m entioned in section 1.7. The researcher felt 
that a  m ore open and detailed feed back from  people w ith vast first hand experience o f  
construction industry in Bangladesh, could have been m ore helpful to in terpret results o f  
data  analysis.
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10.7 R ecom m endations for F urther R esearch
R esearch often leads to  m ore questions than  answers. M any possib ilities for further
research have been created through this research project. Potential research areas have
been outlined below:
•  The inform ation, data and results o f  th is research project can be o f  considerable help 
in  developing and im plem enting a policy  for high-rise build ing  projects in 
Bangladesh.
® The researcher had initially hypothesised at the design stage o f  the research project 
that there could be significant cost overruns linked to tim e overruns in Bangladesh. 
It w as found that cost overruns w ere very  low  in com parison to tim e overruns. As 
discussed earlier th is situation could have been due to the particular circum stances 
and factors present at that tim e o f  th is research undertaken in  Bangladesh. This 
outcom e could be different i f  there is a  change in the fiscal clim ate, policy and 
control in B angladesh. This area needs further investigation w hich could  form  an 
interesting topic o f  further research.
•  Significant strong links have no t been found betw een inter-stage factors o f  tim e 
overruns. Further research needs to be carried out to find details in this area w hich 
w ill be useful for planning and program m ing o f  the activities involved in  a  high-rise 
project.
•  A  further area o f  research concerns the accuracy o f  the final m odel. Though the final 
m odel found to  be robust in the validity  test; it needs to  be tested  w ith  new  set o f  
data before it is to be used as a  generalised m odel in  the decision m aking process o f  
high-rise project construction in Bangladesh.
•  The lack o f  a  com prehensive database o f  high-rise apartm ent projects w as found to 
be a  problem  during the survey. R EH A B /B angladesh G overnm ent bodies should 
carry out further research as to how  to develop a better archive system  w hich w ill be 
very  useful for developers, contractors, consultants, project m anagers, custom ers and 
researchers to get available data and inform ation easily.
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•  D uring the survey it had been noticed that lots o f  abortive w ork  w hich causes 
significant tim e-overruns w ere due to a  lack o f  appropriate skill and efficiency in  the 
w orkforce. B angladesh has huge potential hum an resources. F urther research needs 
to be carried out as to how  to im prove skills and efficiencies o f  operatives in 
d ifferent trades and m anagem ent personnel w hich will not only help construction 
industry in Bangladesh; but also it w ill help to  export skilled labourers, operatives 
and m anagem ent personnel to m any countries in M iddle East, Far E ast and Europe 
w hich w ill earn foreign currency to build  up econom y o f  B angladesh.
•  C ash flow  w as found to be the m ain  problem  causing tim e overruns. Further 
research needs to be carried  to find w ays to  im prove financial arrangem ents w hich 
w ill be very m uch useful for custom ers and developers.
•  The research considered high-rise construction projects in D haka, B angladesh. 
Further research could be undertaken to verify  the transferability  o f  the m ethods and 
techniques to other situations and locations.
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Appendix 1
FIRST SURVEY QUESTIONNAIRE
COVER LETTER
F a x :  
E-m ail:
Date:
D ear Sir /  M adam ,
I am  a research student at the U niversity  o f  A bertay D undee, pursu ing  an M .Phil. / 
Ph.D . Program m e in C onstruction M anagem ent. M y research topic is ‘T im e and cost 
overruns on H igh-rise B uilding C onstruction in  B angladesh.’
The grow th in the building industry in  B angladesh, particularly in  residential high-rise 
building construction, is now  greatly influencing country's econom ic developm ent. But 
construction in B angladesh suffers greatly  from  tim e and cost overruns. I hope the 
m odel I am  developing w ill contribute to significant savings in  the construction 
industry.
To fulfil the objectives o f  m y research I need to obtain firm  data through a  questionnaire 
survey. To carry out the research, I should be m ost grateful i f  you w ould  be w illing  to 
com plete the questionnaire w hich on its com pletion 1 shall personally  collect at a  tim e 
convenient to you. A ny inform ation provided by you w ill be dealt w ith  the strictest 
confidentiality. T hank you in anticipation for your co-operation and help in  this m atter.
Y ours faithfully
M d. A bdus Salam  
R esearch Student
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QUESTIONNAIRE
Project Title: Tim e and cost overruns on H igh-rise Building C onstruction in 
B angladesh
T hank you very m uch for taking part in  th is survey. The questionnaire has been 
designed in  tw o parts. The first part - section A- allows m e to gain general inform ation 
on  your organisation, and the second part - section B - is pro ject specific. The second 
part relates to variables that caused o r are causing tim e and cost overruns on com pleted 
o r nearly  com pleted high rise construction projects. A dditional space has been allocated 
beside each question to give you the opportunity  to add any specific com m ents w hich 
you consider to be appropriate. Such com m ents can be particularly  useful and space has 
been  allocated at the back o f  the questionnaire for general com m ents or for the 
continuation o f  previous com m ents (please num ber them  for reference).
A s stated in  the accom panying letter, any inform ation provided w ould be treated as 
confidential and used for the  purposes o f  the research only; the identity o f  the 
respondents w ill not be revealed in  any reports on the outcom e o f  the survey. 
N evertheless, the overall results o f  the survey w ill be published.
Please pu t a  tick  in the box below  i f  you w ould  like m e to send you a sum m ary report 
on  the results o f  the survey. This w ould  be sent to the sam e addressee as the 
questionnaire unless otherw ise stated.
P lease send m e a sum m ary report o f  the result o f  the survey.
The report should be sent to
(R equired only i f  different from  addressee o f  accom panying letter)
Please circle one o f  the following:
Organisation: C l i e n t  /  C o n s u l t a n t  /  P r o j e c t  M a n a g e r  /  C o n t r a c t o r  o r  S u b - C o n t r a c t o r  
Interviewee role -  
For official use
Code N u m b e r .....................................
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Section A
Demographic Questions (Organisation)
This part o f  questionnaire has been included to gain general in form ation on your 
organisation, em ployees, size and num ber o f  projects, experience etc. Please answ er the 
question(s) w hich is / are relevant to you.
1. Please specify for how  m an y  y e a rs  your com pany has been  engaged in  high rise
build ing construction. ______
C om m ents
2. Please estim ate how  m any o f  the follow ing are em ployed  in  your organisation.
G raduate Engineer(s) Support s taff
G raduate A rchitect(s) A dm inistrative staff
D iplom a Engineer(s) O ther operatives
D iplom a A rchitect(s) Skilled w orkers (please specify)
O thers (please specify)
C om m ents
3. Please consider your usage o f  c o m p u te r  so ftw are .
P a c k ag e Yes No I f  yes p lease  specify n a m e  o f  th e  package(s)
Planning
D esigning
Surveying
Estim ating
B uying
Site adm inistration
A ccounting
C om m ents
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4. Please estim ate the number of project (s) currently being undertaken or com pleted 
in  last five years by your organisation, in  term s o f  size o f  site and storey number.
1 khata  (k)=720 sq. ft. (65 sq.m  approx.), 1 b igha = 20 khata
Size of 
land
<6
storey
7- 10
storey
11-15
storey
16-20
storey
21-25
storey
>25
storey
Total
(optional)
Complete C u r re n t Complete C u r re n t Complete C u r re n t Complete C u r re n t Complete C u r re n t Complete C u r re n t Complete C u r r e n t
< 5 k
5 k- 1 0 k
1 0 k -  l b
> 1 b
Total
(optional)
C o m m e n t s
5. For the projects indicated in  question 4 please estim ate the num bers in  term s o f  
project type and value including land cost (Tk. in crore, 1 crore = 1 0  m illion).
Type of project < 2 crore
2 -3
crore
3 -4
crore
4 -5
crore
>5
crore
Total
(optional)
Complete C u r re n t Complete C u r re n t Complete C u r r e n t Complete C u r re n t Complete C u r r e n t Complete C u r r e n t
R esidential only
C om m ercial only
R esidential & 
com m ercial
O ther(s) (Please 
specify)
Total (optional)
C om m ents
6. Please estim ate how  m any project (s) w as /  w ere abandoned in last five years.
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C om m ents.
7. P lease circle one box for each factor for choosing a plot of land.
Factors Most Important ► Lt4M llliporldlll
Proxim ity  to schools and colleges 5 4 3 2 1
Proxim ity  to bus or tra in  station or 
airport
5 4 3 2 1
Proxim ity to com m ercial area 5 4 3 2 1
Proxim ity  to residential area 5 4 3 2 1
Traffic ja m 5 4 3 2 1
H eight lim itation 5 4 3 2 1
Surrounding social environm ent 5 4 3 2 1
O thers (please specify) 5 4 3 2 1
C om m ents
8. Please consider the performance w ith respect to com pletion o f  project in term s o f  
the type o f  contract used.
Type of contract Early On time Late No effect
Fixed-price
C ost-reim bursem ent
D esign-build
O thers (please specify)
C om m ents
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Section B
Demographic Questions (Project)
This part o f  questionnaire includes the variables that m ay cause tim e and cost overruns 
o f  a  specific project.
Project name (O ptional) -
Type o f  project: R esidential /  C om m ercial /  Residential &  C om m ercial / O thers (please 
specify)
Land acquisition arrangem ent: O w n / Cash only / Cash & F lat share / F lat share only / 
O thers (p lease specify)
Cost o f  land at acquisition (Tk. in Lac): Year o f  land acquisition:
Project site area: Project plinth area:
Total num ber o f  stories -
Project start date (inception stage): Project completion date (transfer stage):
Total tim e overrun in m onth (s) (optional):
1. Please com plete the follow ing in term s o f  project duration.
Stage
Actual
Duration
Scheduled
Duration
Time
Dverrun
% of time 
Overrun
M onth(s) M onth(s) M onth(s) O ptional
Inception
Planning & design
C onstruction
Transfer
Total (optional)
2. P lease com plete the follow ing in  term s o f  project cost.
Stage
Project Value 
Tk. (Thousand) Cost overrun
% of cost 
overrun
Estim ated Final Tk. in  Thousand O ptional
Inception
Planning & design
C onstruction
Transfer
Total (optional)
For official use only
Code N u m b e r .....................................  Number.
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables /  causes of time overrun Importance
Time
Overrun Comments
Most --------► Least (Days)
A Inception stage
A ] Planning 5 4 3 2 1
A 2 Surveying 5 4 3 2 1
A 3 Land acquisition 5 4 3 2 1
a 4 Change o f  planning 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
B Planning and design stage
B i Planning & design related
B u D elayed soil investigation 5 4 3 2 1
B i.2 Client's decision m aking 5 4 3 2 1
B i.3
Insufficient com m unication betw een the ow ner(s) and the 
consultant(s)
5 4 3 2 1
B ,.4 Delayed com pletion o f  p lanning and design 5 4 3 2 1
B i.5 Change o f  p lanning & design by client 5 4 3 2 1
B i.6 Financing by client to p lanner & designer 5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables / causes of time overrun Importance
Time
Overrun Comments
Most ------ ► Least (Days)
A ny other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
b2 Government relations
B2.1 O btaining planning and design perm ission 5 4 3 2 1
B2.2 O btaining perm ission for gas, w ater and electricity 5 4 3 2 1
B2.3 O btaining perm ission for road cutting 5 4 3 2 1
B2.4 Excessive bureaucracy 5 4 3 2 1
Any o ther(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
c Construction stage
C! Material
C1.1 Slow  delivery o f  m aterials 5 4 3 2 1
C1.2 Shortage o f  construction m aterials 5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No V ariab les  /  causes o f  tim e  o v e rru n
Im p o r ta n c e
T im e
O v e rru n C om m en ts
M o st --------► L e a s t (D ays)
Cl.3 D am age o f  m aterials in storage 5 4 3 2 1
C,.4
M aterial changes in  types and specifications during 
construction
5 4 3 2 1
Cl .5 D elay due to quality  o f  m aterials 5 4 3 2 1
Cl.6 M aterial price escalation 5 4 3 2 1
Cl .7 Im ported m aterials 5 4 3 2 1
r(-1.8
D elay in the production o f  special m anufacture o f  
building m aterials
5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
c2 M an p o w e r
C2.1 Shortage o f  labour 5 4 3 2 1
C2.2 Labour skill 5 4 3 2 1
C2.3 Labour productivity 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables / causes of time overrun Importance
Time
Overrun Comments
Most ------ ► Least (Days)
5 4 3 2 1
c3 Equipment
C3.1 Slow  delivery o f  equipm ent 5 4 3 2 1
C3.2 Equipm ent shortage 5 4 3 2 1
C3.3 Equipm ent failure 5 4 3 2 1
C3.4 Equipm ent productivity 5 4 3 2 1
C3.5 U nskilled operators 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
c4 Financing
C4.1 Financing by contractor during construction 5 4 3 2 1
C4.2 D elays in contractors' progress paym ent by ow ners 5 4 3 2 1
C4.3 Cash flow  problem  during construction 5 4 3 2 1
C4.4 N on or delayed paym ents o f  instalm ents by custom ers 5 4 3 2 1
C4.5 Bad debts 5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables / causes of time overrun Importance
Time
Overrun Comments
Most ■<---► Least (Days)
A ny other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
C5 Changes
C5.1
Design changes by ow ners or their agents during 
construction
5 4 3 2 1
C5.2 Design errors m ade by designer 5 4 3 2 1
C5.3 Change o f  contractor(s), sub-cOntractor(s) or engineers 5 4 3 2 1
C5.4 Errors com m itted during construction 5 4 3 2 1
C5.5 U npredictable site (geological, w ater table etc.) conditions 5 4 3 2 1
C5.6 M istakes in soil investigation 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
c6 Scheduling and control
C6.1 preparation  and approval o f  site / shop draw ings 5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables / causes of time overrun
Importance TimeOverrun Comments
JMost **------ ► Least (Days)
C6.2 W aiting for sam ple m aterial approval 5 4 3 2 1
C 6.3 Planning and scheduling deficiencies 5 4 3 2 1
C 6.4
Lack o f  training personnel m anagem ent support to  m odel 
the construction operations
5 4 3 2 1
r*-6.5 Lack o f  data  base in  estim ating activity  duration and resources 5 4 3 2 1
C6.6
Judgm ent and experience o f  the involved people in 
estim ating tim e and resources
5 4 3 2 1
C 6.7 Inspection and testing procedure used in  the project 5 4 3 2 1
C 6.8 A ccidents during construction 5 4 3 2 1
C 6.9
Type o f  contract used (design-build, general contracting, 
turn key...etc.)
5 4 3 2 1
C6.10 A pplication o f  quality  control 5 4 3 2 1
C 6.ll Inadequate early p lanning o f  the project 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables / causes of time overrun Importance
Time
Overrun Comments
Most ■+------ ► Least (Days)
c7 Social and environmental issues
C 7.1 Bad w eather condition at construction site 5 4 3 2 1
C7.2 Insufficient utilities available on  construction site 5 4 3 2 1
C7.3 Social and cultural factors 5 4 3 2 1
C7.4 Strike /  d isruption 5 4 3 2 1
C7.5 U npredictable o r catastrophic events 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
c8 Contractual relationship
C8.1 U ncooperative ow ners 5 4 3 2 1
C8.2 The jo in t ow nership o f  the project 5 4 3 2 1
c 8.3 Slow ness o f  the ow ner decision m aking process 5 4 3 2 1
C 8.4 Poor organization o f  the contractor or consultant 5 4 3 2 1
C8.5
The relationship betw een subcontractors’ schedules in the 
execution o f  the projects
5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No Variables / causes of time overrun Importance
Time
Overrun Comments
Most •+------ ► Least (Days)
C8.6 C onflict betw een contractor(s) and consultant(s) 5 4 3 2 1
n 00
D ifficulty o f  coordination betw een various parties 
(contractor, sub- contractor, ow ner consultant) w orking on 
the project
5 4 3 2 1
C8.8
Legal disputes betw een various parties in  the construction 
project
5 4 3 2 1
C8.9
C ontrolling sub-contractors by general contractors in the 
execution o f  w ork
5 4 3 2 1
C8.10
U navailability o f  financial incentives for contractor to 
finish a head o f  schedule
5 4 3 2 1
Cs.n N egotiation and obtaining contracts 5 4 3 2 1
C8.12
U navailability o f  professional construction m anagem ent 
expertise
5 4 3 2 1
Any o ther(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
D Transfer stage
Di N on com plaints by financial obligations by custom ers 5 4 3 2 1
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Please circle the following variables that are known to cause time overrun in terms of importance; also make comments (if any)
No V ariab les  /  causes o f  tim e  o v e rru n
Im p o r ta n c e
T im e
O v e rru n C om m en ts
M ost --------► L e a s t (D ays)
d 2 Default by  contractors 5 4 3 2 1
d 3 Default by  developers / clients 5 4 3 2 1
Any other(s)----- (please specify) 5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
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Please circle the following variables that are known to cause cost overrun in terms of importance; also make comments (if any)
No Variables / causes of cost overrun Importance
Cost Overrun Comments
Most *  ' ■ ■ ► Least (TK in Thousand)
1 Inflation 5 4 3 2 1
2 Price fluctuation o f  m aterials 5 4 3 2 1
3 Fixed overhead cost from  delays 5 4 3 2 1
4 Fraudulent practices and K ickbacks 5 4 3 2 1
5 Shortening o f  contract period 5 4 3 2 1
6 Errors in estim ating 5 4 3 2 1
7 Insurance 5 4 3 2 1
8 Pilfering o f  m aterials 5 4 3 2 1
9 D am age o f  m aterials 5 4 3 2 1
10 W astage o f  m aterials 5 4 3 2 1
11 Labour cost increase 5 4 3 2 1
12 U navailability o f  labour 5 4 3 2 1
13 B ureaucracy 5 4 3 2 1
14 Poor financial control on site 5 4 3 2 1
15 D isputes on site 5 4 3 2 1
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Please circle the following variables that are known to cause cost overrun in terms of importance; also make comments (if any)
No V aria b le s  /  causes o f  cost o v e rru n
Im p o r ta n c e C o st O v e rru n
C om m en ts
M ost * _ * L east (T K  in  T h o u sa n d )
16 Effects o f  w eather 5 4 3 2 1
17 Litigation 5 4 3 2 1
18 Fluctuation o f  transportation cost 5 4 3 2 1
19 Frequent design changes 5 4 3 2 1
20 A bsence o f  construction cost data 5 4 3 2 1
21 Im proper planning 5 4 3 2 1
22 Slow ness o f  ow ners decision  m aking 5 4 3 2 1
23 A ny other factor (s)....( p lease specify) 5 4 3 2 1
24 5 4 3 2 1
26 5 4 3 2 1
27 5 4 3 2 1
28 5 4 3 2 1
29 5 4 3 2 1
30 5 4 3 2 1
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Appendix 2
SECOND SURVEY QUESTIONNAIRE
COVER LETTER
Date:
D ear Sir /  M adam ,
I am  a research student at the U niversity  o f  A bertay D undee, pursuing PhD  Program m e 
in C onstruction M anagem ent on ‘Investigation o f  T im e and Cost O verruns on H igh-rise 
B uilding C onstruction in B angladesh’
The grow th in the building industry in Bangladesh, particularly in residential high-rise 
projects, is now  greatly influencing country 's econom ic developm ent. B ut construction 
in B angladesh suffers greatly from  tim e and cost overruns. I hope the m odel I am 
developing w ill contribute to significant savings in the construction industry.
To fulfil the objectives o f  m y research I need to extend the database w hich I collected in 
1998 through a questionnaire survey. In this occasion I plan to conduct a  follow -up 
survey w ith  a  selected group o f  participants to supplem ent the database so that the 
sim ulation m odel under developm ent could be evaluated. I am  indebted to  you for your 
co-operation and support last tim e and I w ill be very  happy to share w ith  you som e o f  
the results o f  the initial analysis.
I should be m ost grateful i f  you w ould be w illing to com plete the questionnaire. A ny 
inform ation provided will be dealt w ith the strictest confidentiality. Thank you in 
anticipation for your co-operation.
Y ours faithfully
M d. A bdus Salam  
R esearch student
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Please circle the following measures that are known to mitigate time overrun in terms of importance; also make comments (if any)
No Mitigating measures of time overrun
Importance Comments
Most ◄---------------------► Least
A Inception stage
A , Im proving clients’ decision m aking process 5 4 3 2 1
B Planning and design stage
B, Planning & design related
B n
Im proving planning and designing in  pre-construction 
phase
5 4 3 2 1
Bl .2 Im proving com m unication betw een ow ner(s) and 
consultant(s)
5 4 3 2 1
Bl .3 Im proving pre-planning site reconnaissance 5 4 3 2 1
b2 Government relations
B2.1 R educing bureaucracy 5 4 3 2 1
c Construction stage
Cl Material
C1.1 Im proving m aterials procurem ent system 5 4 3 2 1
c2 Manpower
C2.1 A vailability o f  w ork  force and skills 5 4 3 2 1
C2.2
A rranging training / w orkshops / sem inars for contractors, 
project m anagers, consultants and clients
5 4 3 2 1
C2.3 Rew ard system 5 4 3 2 1
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Please circle the following measures that are known to mitigate time overrun in terms of importance; also make comments (if any)
No Mitigating measures of time overrun Importance CommentsMost ◄---------------------► Least
c3 Equipment
C3.1
Introducing m odem  equipm ent and construction m ethod 
and technology
5 4 3 2 1
C4 Financing
C4.I Im proving cash flow  system 5 4 3 2 1
C4.2 D eveloping and im proving m ortgage /  loan system 5 4 3 2 1
C5 Changes
C5.1 Reducing changes o f  design and m aterials 5 4 3 2 1
C5.2 Im prove m otivation to  reduce to change in personnel 5 4 3 2 1
c6 Schedule and control
C 6.1 D eveloping robust planning and scheduling instrum ents
C6.2 Im proving site, resource m anagem ent and supervision 5 4 3 2 1
C 6.3 D eveloping and Im proving database 5 4 3 2 1
c6 Social and environmental issues
C 6.1 Im proving utilities and w orking conditions at site 5 4 3 2 1
c8 Contractual relationship
C8.1
Im proving com m unication and co-ordination am ong 
project participants
5 4 3 2 1
C8.2 Im proving contract system 5 4 3 2 1
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Please circle the following measures that are known to mitigate time overrun in terms of importance; also make comments (if any)
No Mitigating measures of time overrun Importance CommentsMost ■+---------------------► Least
C 8.3 Enhancing specialist participants in construction 5 4 3 2 1
D Transfer stage
D i D eveloping m ore relaxed and flexible paym ent system 5 4 3 2 1
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Appendix 3 
PUBLICATIONS
HIGH-RISE BUILDING CONSTRUCTION IN 
BANGLADESH - EXPERIENCE OF A QUESTIONNAIRE 
DEVELOPMENT AND ON-SITE DATA COLLECTION
M. A. Salam, S. Sarkar, D. J. Blackwood and H. J. Staines
Schools o f  Science and Engineering, and Computing, University o fA bertay  Dundee 
Dundee DD1 1HG, UK
In B angladesh, a  developing country, the grow th in the building industry, 
particularly in residential high-rise building construction, is having considerable 
influence on the country’s econom ic developm ent. But this type o f  construction 
there often suffers from  tim e and cost overruns. The university  is carrying out a 
research project, “Risk management for minimising time and cost overruns 
on high-rise building construction in Bangladesh.” In order to obtain first 
hand data a  field survey has been  conducted am ong developers, consultants, 
project engineers and contractors in D haka, B angladesh using structured 
interview s involving a questionnaire w ith a  view  to estim ate the risks o f  tim e 
and cost overruns. The questionnaire has tw o Sections relating to risks 
concerned w ith tim e and cost overruns. The total num ber o f  respondents was 
one hundred and ten. This paper describes how  the im portant param eters were 
identified for inclusion in the questionnaire and how  a data collection strategy 
w as developed to ensure the elicitation o f  m axim um  relevant inform ation. It also 
describes the experiences on the data collection and am endm ents o f  the 
questionnaire that becam e necessary  during the survey. The paper also describes 
the lessons, w hich have been learnt from  the survey, and guidance is given as to 
how  such a future survey should be conducted.
K eyw ords: Cost, H igh-rise, Overrun, Time.
1. Introduction
C onstruction is considered unique in stim ulating the grow th o f  o ther industrial sectors 
(H illlebrandt, 1985) and this contribution varies according to the nature o f  the society in 
w hich construction takes place (O kapala and A niekw u, 1988). Som e o f  the social areas 
are housing, industry, education, recreation, and other infrastructures including roads, 
railw ays and m any other civil engineering projects. O kapala and A niekw u (1988) felt
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that the increasing dem and for all the infrastructure developm ents, coupled w ith  ailing 
national econom ies o f  m ost o f  the developing countries and tigh t m onetary  budget 
under w hich these developm ents take place, requires the construction industry to accept 
a  big challenge to cut the cost. The reputation o f  construction industry depends on 
com pletion o f  projects on  tim e w ith in  the budget and m aintaining proper quality  (Chan 
and K um arasw am y, 1994). A ccording to N ED O  (1988), com pletion o f  p ro ject on tim e 
is the m ost im portant indicator o f  an efficient construction industry. T im e overrun is the 
m ain  cause o f  cost overrun and it affects both  clients and contractors. The C lient incurs 
losses for delayed financial return  from  the use o f  facility  and the contractor and ow ner 
suffer from  increased overhead cost, w hilst a  delayed project blocks o ther investm ent 
opportunities.
In com m on w ith  m ost other developing countries, dem ographic changes are taking 
place in B angladesh resulting in  m assive im m igration o f  population from  villages to 
urban areas in search o f  em ploym ent. The capital city o f  B angladesh, D haka, is facing a 
severe problem  o f  over population w ith  an estim ated population 9.3 m illions in 1996, 
likely to exceed ten m illions by the turn o f  the century  (Rahm an, 1996). T hese changes 
have created enorm ous pressures in  term s o f  housing in  m etropolitan cities. G overnm ent 
expenditures in B angladesh on construction and housing sector in 1987-88 financial 
year w ere Tk. 10345.72 m illions (£129 m) and Tk. 2345.85 m illions (£29 m) 
respectively w hile in 1995-96 year financial year it w as Tk. 39107 m illions (£489 m ) 
and Tk. 10013 m illions (£125 m ), (1996 Statistical Y earbook o f  B angladesh, 1997). 
H ow ever, even though the G overnm ent’s spending in these tw o sectors is increasing, it 
is no t nearly  enough to solve the housing problem s and therefore, over the last 10/12 
years private com panies have stepped in to initiate real estate business through the 
construction o f  m iddle to high-rise apartm ent buildings and selling them  com m ercially. 
The m ain  reasons for high-rise ra ther than low -rise construction is the scarcity  o f  land 
and land prices.
Like other developing countries, such as N igeria  (O kapala and A niekw u, 1988; E linw a 
and B uba, 1993), M alaysia (Y oung, 1988) and Indonesia (K am ing et al. 1997), high-rise 
projects along w ith other build ing and civil engineering projects in B angladesh are 
suffering from  construction tim e and cost overruns. It has been revealed from  m ost o f  
the researchers in different countries like O kapala and A niekw u (1988) in N igeria, and 
K am ing et al. (1997) in Indonesia that a  lack o f  p roper m anagem ent cause m ostly  tim e
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and cost overrun. Therefore, an efficient tim e and cost m anagem ent should increase the 
efficiency o f  the construction industry, w hich in turn w ould help the N ational GDP.
The U niversity o f  A bertay D undee has undertaken a PhD  research project to investigate 
how  tim e and cost overruns on high-rise projects in B angladesh can be m inim ised. 
There appear to be no previous relevant prim ary data on w hich research could be carried 
out. It w as therefore decided to carry out a  rigorous and in-depth questionnaire survey 
o f  high-rise projects am ong the m ajor participants i.e. developers, consultants, project 
m anagers and contractors/subcontractors. This survey w as carried out betw een m id- 
February to early-A ugust 1998 in  D haka, Bangladesh. M ajor issues, w hich th is study set 
out to address, included the following:
1. The identification o f  param eters o f  delays and costs.
2. The developm ent o f  a  questionnaire using the identified param eters.
3. The developm ent o f  a  data collection strategy to ensure the elicitation o f  m axim um  
relevant inform ation in the context o f  Bangladesh.
4. D escription o f  the experience o f  on-site data collection using the questionnaire.
5. Provision o f  guidelines as to how  such a future survey should be conducted
It is believed that although the research focused on high-rise build ing projects in 
B angladesh the findings should be relevant to sim ilar projects in  o ther developing 
countries, as they face sim ilar problem s in term s o f  tim e and cost overruns on 
construction infrastructure projects (M orris and H ough, 1987).
2. Construction of Questionnaire
A  questionnaire is the bridge betw een researchers/interview ers and the respondents 
w hile the questions them selves are the vital elem ents, w hich perform  the actual 
interrogation. R ossi, W right and A nderson (1983) treated a questionnaire as a  set o f  
instrum ents and stated that its success depended on how  effectively the instrum ents 
could be handled. The accuracy and validity  o f  data collected depend on the questions 
asked and the w ays in w hich the respondents perceive and respond to  them . Thus the 
construction o f  a  questionnaire is a  vital elem ent for such a study. In the follow ing 
subsections the im portant aspects considered in the construction o f  questionnaire are 
discussed.
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2.1 Risk Identification
In construction industry, identification o f  risks is as im portant and difficult as is its 
control or m anagem ent. Raftery (1994) said that risk identification gets the least 
attention in  the literature on risk. M any researchers use categorised or form al system  for 
identification o f  risks i.e. risk identification process (K w akye, 1997) and form al risk 
m anagem ent system  (C hapm an and W ard, 1997). A  form al system  involves a  rigorous 
analysis process rather than an intuitive approach (M adesley, A skey and O ’Reilly,
1997) w hich helps researchers to focus on alm ost all risk factors, even on very m inor 
ones, w hich w ould otherw ise be ignored in  an inform al system . Interview s or 
brainstorm ing m eetings can also be used  in  the risk  identification process.
In  th is project interview ing or m eeting w ith  prospective project participants involved in 
high-rise construction industry in B angladesh the developm ent o f  the questionnaire was 
ruled out for cost reasons. It was then  decided that a com prehensive survey o f  relevant 
literature from  developing countries p rio r to  developm ent o f  the  questionnaire and the 
survey could gather m uch inform ation on risk  variables. From  the literature review  73 
delay and 22 cost overrun risks w ere identified m ainly from  Saudi A rabia (A ssaf, Al- 
K halil and A l- H azm i, 1995), N igeria  (O kapala and A nikw u, 1988; E linw a and Buba,
1993), Thailand (O gunlana, Prom kuntong and Jearkjirm , 1996) and Indonesia (K am ing 
et al. 1997). Som e additional risks w ere included from  intuition and the researcher’s 
field  experience in  Bangladesh.
2.2 Composition of Questions
In the construction o f  questionnaire the questions w ere com posed and divided into tw o 
sections. Section-A  com prises eight questions o f  general nature eliciting personal and 
organisational inform ation o f  the potential respondents. A ll questions in this section 
w ere not applicable to all participants except the developer category.
Section-B  com prised the questions based on identified risks on tim e and cost overruns 
(Table 1 &  2) on a  specific project. A lreck and Settle (1985) suggested that large 
num ber o f  questions should be grouped into sections or sub-sections as it sim plifies the 
task  o f  asking the questions, and respondents also feel com fortable w ith  them . D ue to
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Table 1: Source of Time Overruns
Sources Risks
A. Inception Planning; surveying; land acquisition; and change o f  planning.
B. Planning & 
Design
D elayed soil investigation; developers’/ c lien ts’ decision m aking
Planning
&
D esign
process; insufficient com m unication betw een the ow ner(s) and the 
consultant(s); delayed com pletion o f  planning and design; change 
o f  planning & design by client; and financing by  client to p lanner & 
designer.
B ureaucracy
O btaining perm ission for planning and design; gas; water; 
electricity; road cutting from  concerned authorities; and excessive 
bureaucracy.
C. Construction
M aterial
S low  delivery; shortage; dam age; changes in types and 
specifications; delay  due to quality; price escalation; im port; and 
delay in  the production  o f  special m anufacture o f  building 
m aterials.
M anpow er Shortage; skill; and productivity.
Equipm ent
Slow  delivery; shortage; failure; productiv ity ; and unskilled 
operators.
Financing
Financing by contractors; delays in contractors' progress paym ent 
by clients; cash flow  problem ; non or delayed paym ents o f  
instalm ents by custom ers; and bad debts.
Changes
D esign changes by ow ners or their agents; design errors m ade by 
designer; change o f  contractor(s), sub-contractor(s) or engineer(s); 
construction errors; unpredictable site (geological; w ater table etc.) 
conditions; and m istakes in  soil investigation.
Scheduling & 
C ontrolling
P r e p a r a t i o n  a n d  a p p r o v a l  o f  s i t e  / s h o p  d r a w i n g s ;  w a i t i n g  f o r  s a m p l e  m a t e r i a l  
a p p r o v a l ;  p l a n n i n g  a n d  s c h e d u l i n g  d e f i c i e n c i e s ;  l a c k  o f  t r a i n i n g  p e r s o n n e l  
m a n a g e m e n t  s u p p o r t  t o  m o d e l  t h e  c o n s t r u c t i o n  o p e r a t i o n s ;  l a c k  o f  d a t a  b a s e  in  
e s t i m a t i n g  a c t i v i t y  d u r a t i o n  a n d  r e s o u r c e s ; j u d g e m e n t  a n d  e x p e r i e n c e  o f  t h e  
e s t i m a t o r  i n  e s t i m a t i n g
t i m e  a n d  r e s o u r c e s ; i n s p e c t i o n  a n d  t e s t i n g  p r o c e d u r e  u s e d  i n  t h e  
p r o j e c t ;  a c c i d e n t s ;  t y p e  o f  c o n t r a c t  u s e d ;  a p p l i c a t i o n  o f  q u a l i t y  c o n t r o l ;  a n d  
i n a d e q u a t e  e a r l y  p l a n n i n g  o f  t h e  p r o  j e c t .
Social & 
Environm ental
B ad w eather; insufficient u tilities available on construction site; 
social and cultural factors; strike / disruption; and unpredictable or 
catastrophic events.
C ontractual
R elationship
U ncooperative developer; jo in t ow nership o f  the project; slow ness 
o f  the developers’ decision m aking process; poor organisation o f  
the contractor o r consultant; the relationship  betw een 
subcontractors' schedules in the execution o f  the projects; conflict 
betw een contractor(s) and consultant(s); difficulty  o f  co-ordination 
betw een various parties w orking on the project; legal disputes 
betw een various parties in  the construction project; controlling sub­
contractors by general contractors in the  execution o f  w ork; 
unavailability o f  financial incentives fo r con tracto r to finish ahead 
o f  schedule; negotiation and obtaining contracts; and unavailability  
o f  professional construction m anagem ent expertise.
D. Transfer N on-com plaints o f  financial obligations by custom ers; default by contractors; and default by developers / clients.
the  large num ber delay risks identified they w ere categorised according to phases 
(O kapala and A nikw u, 1988; A dam s and B am dt, 1988) and sources (C hapm an and
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W ard, 1997). The phases considered w ere inception; planning and design; construction; 
and transfer. Again, due to the large num ber o f  risks in the p lanning  and design phase 
has been subdivided into tw o sources: p lanning and design related  risks and bureaucracy 
related risks; w hereas the risks in construction phase w ere subdivided into eight sources: 
m aterial; m anpow er; equipm ent; financing; changes; scheduling and control; social and 
environm ental issues and contractual relationship. Cost overrun risks w ere included 
directly  in  the questionnaire. A dditional spaces w ere kept in each  phase or source w ith a 
v iew  to new  risks i f  found during interview . Section-B began w ith som e questions 
relevant to the specific project (like p ro ject area; plin th  area; num ber o f  stories; project 
start and finish date) w hich were only  asked o f  the developers as they w ere in the best 
position  to know  the accurate answ ers.
Table 2: Source of Cost Overruns
Serial No. Risks
1 Inflation
2 Price fluctuation o f  m aterials
3 Fixed overhead cost from  delays
4 Fraudulent practices and K ickbacks
5 Shortening o f  contract period
6 Errors in estim ating
7 Insurance
8 Pilfering o f  m aterials
9 D am age o f  m aterials
10 W astage o f  m aterials
11 Labour cost increase
12 U navailability  o f  labour
13 B ureaucracy
14 Poor financial control on site
15 D isputes on site
16 Effects o f  w eather
17 Litigation
18 Fluctuation o f  transportation cost
19 Frequent design changes
20 A bsence o f  construction cost data
21 Im proper p lanning
22 Slow ness o f  ow ners decision m aking
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2.3 Questionnaire Format
It is w ell accepted that the response form at i.e. how  the answ ers are collected from  
respondents; can be o f  tw o types: structured and unstructured. Structured form ats 
are easier for the respondents to answ er and they help the researcher to  collect and 
sum m arise the responses m ore efficiently. H ow ever, this form at can constrain the 
respondent, and also h inder the researcher’s ability to understand w hat the respondents 
really  m ean. In unstructured form ats the respondents are free to answ er in their ow n 
w ay. Q uestions are not accom panied by pre-form atted  answers. In unstructured form ats, 
responses are seldom  in the w ay the researcher expects and therefore it is often difficult 
to deal w ith data obtained through a  large num ber o f  unstructured questions. In a 
structured survey the data obtained from  different respondents can  be com parable, 
w hereas in a  survey using an unstructured questionnaire it w ould  no t be possible to 
com pare the questions from  various individuals unless the researcher transfers it to a 
structured form at. The Structured questionnaire is less tim e-consum ing for respondents 
and therefore, it is likely to attract h igher response rate. A lso, It has the benefit o f  taking 
less tim e to input data during data processing. But the com position o f  a structured 
questionnaire requires m ore tim e and attention at the beginning; this is its greatest draw  
back. In this study, the questionnaire w as m ainly  structured w ith som e space provided 
for respondents’ ow n com m ents against each question.
2.4 Scaling
Scaling is an inherent part o f  structured questions as it enables to m easure the 
‘unm easurable’ answ ers. Scaling is the branch o f  m easurem ent tha t involves the 
construction o f  an instrum ent that associates qualitative constructs w ith  quantitative 
m etric units (Trochim , 1999). In m ost scaling, the objects are tex t statem ents, usually 
statem ents o f  attitude o r belief. G enerally  num bers are used to convert the statem ents 
into scaled responses. A  five poin t (1 to 5) odd num bered interval scale (likert or verbal 
frequency) is preferable as it has got a  m id-point (Chan and K um arasw am y, 1997; 
Tum m alla et al. 1997) rather than an even num bered scale (K am ing et al. 1997). A  too 
long or a too short-ranged scale is best avoided, as som etim es it can be confusing to 
respondents. In the current study, a  traditional interval scale o f  5 to  1 from  ‘the m ost 
im portan t’ to ‘the least im portant’ w as used. A  colum n for tim e overruns in  days for the
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risk  relevant to tim e overruns and sim ilar colum ns for cost overrun  risks in Tk. in 
thousand w ere provided.
3. Mode of Survey
There are a  variety o f  m odes o f  survey for data collection. It is a  vital decision for the 
researcher to choose the right m ode to elicit proper inform ation from  respondents. The 
researcher m ust consider the research objectives, type o f  in form ation needed, rate o f  
response, validity and reliability  (bias), budgets and tim e. Rossi, W right and A nderson 
(1983) divided m ode o f  survey as Self-administered and interview-administered, 
w hereas Trochim  (1999) did it as questionnaire and interview. A  Self-adm inistered 
survey is m ail a  survey based on questionnaire w hile an interview -adm inistered survey 
could be conducted in  person or over the telephone. A lreck and Settle (1985) com pared 
personal, telephone and m ail surveys as show n in Table 3 below:
Table 3: Comparison of Data Collection Method
Issues Mode
Personal Telephone Mail
D ata collection costs H igh M edium Low
D ata collection tim e required M edium Low H igh
Sam ple size o f  a  given budget Sm all M edium Large
D ata quantity  per respondent H igh M edium Low
R eaches w idely dispersed sam ple N o M aybe Y es
R each special locations Yes M aybe N o
Interaction w ith respondents Yes Yes N o
D egree o f  interview er bias H igh M edium N one
Severity o f  non-response bias Low Low H igh
Presentation o f  visual stim uli Yes No M ay be
Field w orker training required Yes Yes N o
Source: Alreck and Settle (1985); p.194
The personal interview  has m ore advantages over either m ail survey or telephone 
survey, but its disadvantages are bias and expense m aking it unsuitable fo r w ide spread 
sam ples. In this study, from  the very  beginning the idea o f  te lephone in terview  survey
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had been  ruled  out on cost grounds. It w as estim ated that data collection  by personal 
in terv iew  could be cheaper than  m ail survey. A ccording to C asley  and Lury (1981) 
postal survey response rate is generally  very low  in developing countries due to 
respondents’ lack o f  consciousness. Therefore, the total num ber o f  questionnaire sets 
m ailed  including pre-paid return  postage w ould have to be quite h igh  to get a  target o f  
120 responses from  different type o f  respondents. Furtherm ore, the international postal 
system  is, at best o f  tim es, subject to delays and unreliability  tha t could  not be 
countenanced in  the present context. O n the other hand, for conducting personal 
interview s the m ajor cost w ould  be the return  airfare as living costs in B angladesh is 
inexpensive com pared to developed countries. The other problem  envisaged w ith  postal 
questionnaires, and subsequently justified , was the use o f  E nglish  language as the 
m edium  for the questionnaire, w hich is no t the native tongue o f  the respondents. Som e 
unavoidable technical term s in  the questionnaire in English could  convey am biguous 
m eaning to the respondents. A  further problem  affecting the use o f  postal survey was 
the collection o f  an appropriate and an up to date set o f  responden ts’ addresses. A t 
present it is very difficult to get the exact num ber and addresses o f  the com panies in 
B angladesh as few  organisations keep properly  archives.
R egarding validity and reliability  o f  a  survey there is always a possib ility  o f  bias in  the 
data obtained through personal or telephone survey (B rym an and B urgess, 1994). 
A ccording to Sapsford and Jupp (1996), th is bias can happen from  interv iew er’s lack o f  
experience and integrity. In postal survey, the addressee m ay no t alw ays be the right 
person to  respond and i f  the respondents are unable to answ er som e questions, they look 
for som eone else for the answ ers (R ossi, W right and A nderson, 1983). This can also 
result in  a kind o f  bias; w hich suggests tha t bias can feature in  any form  o f  survey. It 
w as decided to confine the area covered in the survey to the capital city  D haka as 
approxim ately 90%  o f  high-rise buildings is constructed there.
C onsidering all the various advantages and disadvantages o f  d ifferent m odes o f  survey 
it w as decided to conduct the survey o f  th is study by personal in terview  by the 
researcher using a questionnaire. In the event it was decided to  recruit interview  
assistants, w ith  prior experience in  questionnaire survey, to assist in the interview  
process. Two M U RP (M asters in U rban and Regional Planning) students w ere engaged 
and they  conducted a total o f  sixteen out o f  the 110 interview s under close guidance o f
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the researcher. The researcher alw ays queried any am biguity in the answ ers to ensure 
that the answ ers were genuine. This decision had the benefit o f  giving the researcher 
first-hand experience in the field  and the results w ould  be m ore consistent. To elicit the 
m axim um  response from  the industry, tw o letters, one from  the D irector o f  studies and 
the o ther from  a local academ ic supervisor, w ere attached to the questionnaire, basically 
to  add w eight to the survey taking account o f  the social context o f  B angladesh.
3.1 D a ta  C ollection
REH A B  (Real Estate and H ousing A ssociation o f  Bangladesh) is the only organisation, 
w hich keeps inform ation on high-rise developers. REH A B had 49 m em bers by 01 
O ctober 1997. In addition to these there are a  large num ber o f  developers (not m em ber 
o f  R EH A B ); some o f  these are professional developers having com pleted  other 
constructing and pipeline projects w hereas others w ere construction at best one or two 
projects in  their ow n land on an experim ental basis. It is estim ated tha t there are 
approxim ately  300 to 350 apartm ent developers in Dhaka. Tw o hundred addresses o f  
d ifferent developers w ere collected for sam pling. A ddresses o f  R EH A B developers as 
well as som e non-REH A B developers w ere collected from  tne REH A B  office. 
A ddresses o f  other developers w ere collected from  new spaper o r m agazine 
advertisem ents. 30 REH A B and 35 non-R EH A B  developers w ere sam pled random ly 
from  49  REH A B and 151 non-R EH A B  population respectively, ultim ately to obtain 
data, 15 from  each category based on  one specific project per developer. Each category 
sam ple w as m ade som ew hat larger assum ing that som e developers m ight not be 
in terested  to provide data (details in  Table 4).
T a b le  4: S am p ling  S ta tis tics
T y p e  o f  developer T o ta l S am pled C o n ta c te d S u rv ey ed
R EH A B  developers 49 30 26 15
N on-R EH A B  developers 151 35 28 15
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3.2 Pilot Test
A t the tim e o f  preparation o f  questionnaire it was not possible to do a p ilo t test. So, 
p rio r to the m ain  survey, a  p ilo t survey w as carried out am ong tw o developers, tw o 
consultants, one project m anager and one sub-contractor. B ased on their suggestions, 
som e am endm ents to the survey were m ade. For the purposes o f  th is research  a  high- 
rise build ing is considered to be six-storied and upw ards because o f  the prevailing 
regulations in  D haka w here in som e residential areas buildings w ith  m ore than six- 
storeys are no t perm itted, and a considerable num ber o f  such buildings are being 
constructed. Earlier it w as intended to ask inform ation on cost overruns from  all 
respondents but it was found that none except the developers knew  actual cost and cost- 
overrun on a project. It was therefore decided to ask only the developers on the specific 
project the cost overrun questions. The frequency from  both tim e and cost overrun 
colum n w as deleted because w hen the respondents answ ered tim e and cost overrun 
variables they also considered the frequency w ith im portance.
3.3 Data Collection Procedure
It w as anticipated, at the planning stage that the process o f  data  co llection  v ia  the 
questionnaire survey w ould be a tim e consum ing, exhausting and som etim es frustrating 
experience; this proved to be right. The intention w as to obtain data from  all the parties. 
In order to observe proper protocol the researcher attem pted to seek appointm ent w ith 
the m anaging director to obtain data from  developer category and for access to other 
parties. O nly seven m anaging directors responded them selves; in rest o f  the cases the 
questionnaires w ere handed dow n to o ther appropriate s taff in the m arketing and / or 
accounting division. In m ost cases securing an interview  w as very tim e consum ing, the 
w orst case being the one w here eleven visits w ere m ade in a  span o f  60 days to secure 
an interview .
The respondents o f  developer category w ere asked to select one project, w hich had been 
com pleted in  the last five years, or nearly  finished in  term s o f  data  required  for the 
survey. D ata from  15 com panies after contacting 26 sam pled REH A B  m em bers were 
obtained. A m ong the eleven not responding, three w ere not interested to give data; two 
inform ed that they had no tim e or cost overrun; tw o stated that they only  develop land 
and sold plots; tw o had ju s t started projects; and further contact w ere needed w ith two 
com panies w hich had fulfilled target. The researcher needed to contact 28 non-R EH A B
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developers eventually to secure data  from  15. A m ong the rem aining 13, eight had ju s t 
started; three w ere not interested.
Once the interview s w ith developer category on a project were com pleted  addresses o f  
the consultants, project m anagers (w ho w ere m ostly  civil engineers and contractors) 
w ho w ere engaged w ith that specific project were obtained and approached for 
interview . In  the consultant’s category, 17 w ere architects and 12 w ere engineers; in- 
house consultant architects or structural engineers w ere easily  accessed for 
interview ing. It w as found that the sam e consultant or design engineer w as appointed 
for d ifferent projects w ith different developers. In these cases, they w ere interview ed 
using separate sets o f  questionnaire for different projects.
The greatest problem s arose w ith  the sub-contractors and som e project m anagers who 
w ere no longer w orking with the original developer. Verbal inform ation from  laymen, 
sub-contractors, project m anager or other sources did help a lot to obtain their contact 
addresses or phone num bers. H ow ever, in som e cases the respective developer’s head 
office declined to furnish the addresses o f  em ployees w ho had left them . In one case, an 
officer from  the developer’s office explained that their p roject m anager or sub­
contractors w ere not allow ed to  give interview . A ltogether 24 project m anagers were 
interview ed out o f  w hich 23 w ere civil engineers and one electrical engineer. It was 
noticed tha t the project m anagers w ere m ost spontaneous to give interview s during the 
first visit, and their co-operation in  arranging interview s w ith o ther categories, 
especially  w ith  the contractors w as appreciated.
Table 5: Statistical Details of Interviewees
Type of interviewee Actual no. Target no.
Developer M anaging D irector 7
M arketing officer/m anager 2 30 30
A ccountant/accounts officer 2
Consultant A rchitectural D esigner 1 29 30
Structural designer 1
Project Civil engineer 2 24 30
Manager Electrical engineer 1
Civil 1
Sub-contractor Plum ber 4
Electrical 2 27 30
Painter 1
C arpenter 1
Total 110 120
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In m ost projects it was found that m ainly  sub-contractors carried out the w ork and there 
w ere no general contractors. There w ere a  total o f  19 civil engineering, 4 p lum bing, 2 
electrical, 1 painting and 1 carpenter. It w as noticed that few  sub-contractors w ere not 
so spontaneous in giving interview s, the reason could be that i f  they revealed any tim e- 
overrun inform ation then  they m ight be deprived from  getting sub-contracts from  
subsequent projects o f  the respective developers. It is very interesting, according to civil 
engineering sub-contractor that there w as no tim e overrun as the developer did not 
im pose any deadline in contract for com pleting his part o f  w ork. A ll 110 interview s 
w ere carried out as show n in the Table 5.
3.4 Interview Technique
Som e tim es, the questionnaire set w as left w ith the interview ee and the researcher paid 
visits later to conduct the interview . In a  few  cases the interview  w as taken readily  w ith 
the in terview ee’s agreem ent, m ostly  w ith  project m anagers. M ost o f  the tim e the 
interview er asked the questions and on the interview ee’s instructions filled in the 
questionnaire as this saved tim e. A t the tim e o f  interview  interview ees also referred to 
another set o f  questionnaire and i f  the interview ees had any confusion about any 
question, the interview er interpreted it for them. Som etim es a m ini tape recorder was 
used for in terview  w hen the respondent w as short o f  tim e and answ ers w ere transcribed 
later. Their general com m ents w ere w ritten  in the blank spaces.
4. Analysis
Statistical m ethods will be used to analyse the collected data. D ata  collected from  
developers, consultants, project m anagers and sub-contractors w ill be ranked separately 
according to im portance indices based  on w eight given to each  variable by the 
respondents and ranges o f  scale as used by A ssaf, A l-K halil and A l-H azm i (1995), Shen 
(1997), C han and K um arasw am y (1997). Percentage o f  respondents scoring up to 
certain  significance level o f  scale w ill be evaluated as used by O kapala and A niekw u
(1988) or E linw a and B uba (1993) o r Chan and K um arasw am y (1997) to avoid the 
problem  o f  having sam e im portance index w ith m ore than one variable and then the 
significant ranking w ill be identified. A s the num ber o f  variables is h igh  then  for the 
purpose o f  analysis using PC FA  (Principal C om m on Factor A nalysis) it m ight be
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necessary to group the variables into subheadings sim ply by averaging the variables in 
each group as done by A ssaf, A l-K halil and A I-H azm i (1995). A n exercise to obtain the 
ranking order in term s o f  percentage o f  tim e and cost overruns for each variable w ill be 
carried out and these w ill then be com pared w ith the ranking o f  individual variables and 
/ or groups. The ranking o f  individual variables or groups w ill not necessarily  be the 
sam e for different type o f  respondents; and it can not be directly com parable (Baldw in 
and M anthei, 1971). R ank agreem ent factor m ethod (O kapala, 1986) or rank correlation 
coefficient m ethod w ill be adopted (M endenhall et al. 1993) and could be used for 
com paring the ranking betw een any tw o different types o f  respondents at one tim e. 
Statistical t-test, z-test or %2 -test w ill be used as appropriate for different levels o f  
significance 5%, 1%  and 0.1%  etc to verify association on certain  variables / groups.
A s m entioned before, PC FA  technique em ployed to explore an in-depth investigation as 
carried out by K am ing et al. (1997). For doing so, first the data w ill be tested  for 
suitability involving an exam ination o f  the determ inants o f  the correlation m atrix. Then 
factor analysis w ill need to  be carried out w ith eigenvalue, %  o f  variance and 
cum ulative %  o f  variance, to extract im portant com m on factors from  the variables. 
SPSS could be used to conduct the factor analysis. A  varim ax rotation will be conducted 
on the factors to get factor loading for easier interpretation. For clarity, the variables that 
w ere grouped into factors m ight be needed regrouping. Finally, Spearm an correlation 
w ill be done betw een rotated cost overrun and tim e overrun. This w ill be used to find 
out how  the factors are co-related to the determ inant.
5. Conclusions
1. A s anticipated, the task  o f  data collection w as very tough for various reasons, not to 
m ention the inclem ent weather. The m ain  difficulty w as the non-availability  o f  a  
proper archive o f  the nam es and addresses o f  the developers, and also the 
developers' reluctance to furnish addresses o f  project m anagers and sub-contractors 
w ho had left them.
2. A fter initial suspicion and reluctance, the interview ees becam e m ore co-operative 
w hen they becam e fam iliar w ith the objectives o f  the survey as explained by the 
researcher. The project m anagers and some sub-contractors becam e very  co-
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operative as they believed tha t it w as necessary to establish  the actual 
responsibilities o f  the various parties so far as cost and tim e overrun were 
concerned, because they felt that the developers alw ays laid the blam e on them  for 
such occurrences. They also genuinely believed that the resu lts o f  such a survey 
should ultim ately benefit the industry.
3. In  all cases tim e w as at a  prem ium  and interview s had to be as fast as possible. The 
p ilo t survey was very useful in that it show ed how  the actual survey could be 
conducted efficiently and also to establish the suitability o f  the questionnaire.
4. The use o f  m ini-tape recorder w as very helpful, especially in case o f  the busy 
developers, both from  practical v iew poin t and in encouraging co-operation from  the 
interview ees. H ow ever, the researcher w ould not recom m end th is m ode to be the 
sole instrum ent for interview  as it creates considerable w ork fo r the interview er.
5. The use o f  M U R P students for assisting in  the interview  process w as found to be 
very useful and cost effective, and th is also helped to com plete the survey w ith in  the 
tim e allocated.
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APPLICATION OF FACTOR ANALYSIS AND STEPWISE 
REGRESSION TO THE UNDERSTANDING OF THE 
RELATIONSHIPS BETWEEN CAUSES OF DELAYS IN 
CONSTRUCTION PROJECTS IN BANGLADESH
M. A. Salam1, H. J. Staines2, D. J. Blackwood1 and S. Sarkar1
Schools o f  S c ien ce  and Engineering, and 2Computing, U niversity o f  A bertay Dundee 
D undee DD1 1HG, U K
There is an im pression that, over the last tw o decades, high-rise construction projects in 
D haka, B angladesh have been suffering from  delays. C onsequently , in-depth 
interview s, supported by a questionnaire, w ere conducted w ith  110 developers, 
consultants, project m anagers and contractors on thirty random ly selected private 
projects regarding the variables causing delays. Seventy-tw o probable delay  variables 
w ere identified from  a literature rev iew  and w ere included in  the questionnaire in tw elve 
groups over four operational stages. The thirty-one m ost im portant variables w ere 
identified based on the respondents’ perception. This paper describes the application o f  
factor analysis and stepw ise regression techniques to provide a  deeper understanding o f  
the relationships am ong these variables. Factor A nalysis w as applied to the data from  
the survey to group them  into factors in  each o f  four different stages o f  the construction 
process. The paper also describes how  the relationship am ong factors w as established 
betw een stages using stepw ise regression. C onclusions are draw n on the appropriateness 
o f  factor analysis and stepw ise regression in enhancing the understanding o f  the 
relationships am ong causes o f  delays in construction projects. A lthough the data are 
B angladesh specific, these statistical techniques can be usefully  applied to other 
construction projects. In this application, factor analysis and stepw ise regression showed 
that there w as little association betw een factors that cause delays in one stage o f  the 
study and  those in the next stage.
K eyw ords: B angladesh, H igh-rise construction; Delays, Factor-analysis, Stepw ise- 
regression.
Introduction
The capital o f  B angladesh, Dhaka, is one o f  the fastest grow ing cities in the w orld w ith 
a  typical annual grow th rate o f  2 .03%  (B angladesh Bureau o f  Statistics, 1996). In 1999, 
D haka had  a population o f  128 m illion. The m ain reasons for such a population  increase 
have been  know n for som e tim e, being  a decrease o f  cultivable land in rural areas, lack 
o f  decentralisation o f  m odem  facilities and unbalanced urbanisation (Seraj & A lam ,
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1991). A ll socio-econom ic groups in  D haka face housing problem s and over the past 
tw o decades a  trend o f  housing construction has been developed in  the private sector 
w hich is largely know n as apartm ent / real estate developm ent w here developers target 
m iddle to  upper incom e groups. T ypically , an individual or organisation constructs 
m ulti-storey projects com prising several flats that are sold to purchasers.
M ulti-storey apartm ent projects in B angladesh, sim ilar to those in Indonesia (K am ing et 
al. 1997), suffer from  delays. The m ajor issues, w hich this paper sets out to  address are:
•  the identification o f  im portant delay variables;
•  the application o f  factor analysis to group these im portant variables according to the 
stages o f  the project;
•  the application o f  stepw ise regression to find and analyse links betw een delay 
variables at the different stages o f  the project;
•  the assessm ent o f  the appropriateness o f  these statistical m ethods in risk  analysis.
Methodology
The overall objective o f  the research program m e is to develop a  practical R isk 
M anagem ent Process (RM P) for the effects o f  delays in high-rise construction projects 
in  Bangladesh. A t the heart o f  the R M P w ill be a  risk  analysis m odel o f  the effects o f  
tim e delays on the procurem ent, design and construction program m es o f  typical high- 
rise construction projects. In  order tha t decisions could be m ade on the form  o f  the risk 
analysis m odel, it w as necessary to develop a full understanding o f  the nature o f  
variables causing delays in the projects and the nature o f  the in teraction betw een these 
variables. Initially 72 delay variables w ere categorised in 12 groups as used  by A sa f et 
a l  (1995) and pu t in 4 operational stages (inception, plan & design, construction and 
transfer). A  list o f  the variables is given in Table 1.
A  com prehensive data collection program  w as undertaken using in-depth, face-to-face 
interview s, supported by a questionnaire, (February to A ugust 1998) to investigate the 
variables causing tim e and cost overruns in  m ulti-storied (6 stories upw ard) real estate 
projects in the private sector in D haka, Bangladesh. This approach enabled both 
qualitative and quantitative data to be collected and a full explanation of, and 
justifica tion  for, this approach has been reported elsew here (Salam  et a l  1999). The
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survey involved in  total 110 respondents (developers, consultants, pro ject m anagers and 
contractors) connected w ith  30 random ly selected private projects.
The questionnaire gave respondents an option to rate the variables, according to their 
perception o f  likelihood o f  contribution to overruns by responding, on a  linear scale 
from  5 (m ost im portant) to 1 (least im portant) as used by Tum m ala et al. (1997). A lso, 
an additional colum n w as kept for respondents’ com m ents providing qualitative data 
that w ill be analysed elsew here. The quantitative data w ere analysed using the 
statistical softw are package M initab. The m ean value o f  respondents’ im portance was 
term ed as R elative Im portance Index (RII). The R II values for the variables are given in 
Table 1. Ranking from  m ost im portant to least im portant w as done in ascending order 
using RII. A dditionally, the percentage o f  respondents scoring up to a  certain  level o f  
scale, as used by Chan & K um arasw am y, (1997), w as used to avoid problem  w ith 
variables having sam e RII.
Initial analysis o f  the data revealed a  sudden drop o f  RII value after the 31st m ore 
im portant variable and therefore only these variables were retained and used for further 
analysis. These are included in  Table 2. These variables were firstly  subjected to factor 
analysis (e.g. H air 1995) to group them  into interpretable them es, thus further reducing 
the potential com plexity o f  any future risk  model. Then relationships betw een the 
identified factors at the various stages o f  the project w ere then  investigated using 
stepw ise regression (e.g. D raper & Sm ith 1998).
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T able 1: T im e O verrun V ariables (Relative Importance Index (RII); 1 = lowest to 5 =
highest and rank of time overrun variables)
No Variables Consultant Contractor Developer P. ManagerRII Rank RII Rank RII Rank RII Rank
A Inception stage
A i Planning 1.62 32 1.15 63 1.38 48 1.04 62
A 2 Surveying 1.41 40 1.15 64 1.38 49 1.04 63
A 3 Land acquisition 1.62 29 1.30 56 1.38 15 1.08 61
A 4 Change of planning 2 . 1 0 14 1.82 2 0 2 . 1 0 1 1 1.79 23
B Planning and design stage
Bi Planning & design relatedBn Delayed soil investigation 1.07 65 1.41 49 1.38 47 1.08 58B] 2 Client's decision making 2.35 6 1.59 29 1.72 2 2 1.58 32
B,3 Insufficient communication between the owner(s) and the consultant(s) 1.41 41 1.52 42 1.63 27 1.58 31
Bi.4 Delayed completion of planning and design 1.76 23 1.74 23 2.07 1 2 2.17 1 2
Bn Change of planning & design by client 2.24 1 0 1.52 38 2 . 0 0 14 1 . 8 8 2 2
B| 6 Financing by client to planner & designer 1.07 6 6 1.44 2 1 1.40 43 1.29 47
b 7 Government relations
b7, Obtaining planning and design permission 2 . 1 0 15 1.93 17 2.79 3 2.25 8
B2.2 Obtaining permission for gas, water and electricity 1.97 19 2.37 6 1.79 18 2.08 14
B2 3 Obtaining permission for road cutting 1.14 59 1.59 31 1.52 36 1.25 50
B2 4 Excessive bureaucracy 1.62 30 1.37 53 1.86 16 1.17 54
C Construction stage
C, Material
C n Slow delivery of materials 1.21 15 1.63 28 1.55 34 1.38 44
C,2 Shortage of construction materials 1.00 68 1.07 11 1.14 66 1.00 67
Ci 3 Damage of materials in storage 1.17 58 1.30 55 1.21 63 1.54 34
C1.4 Material changes in types and specifications during construction 2.07 17 1.56 35 1.66 28 2.04 17
Ci 5 Delay due to quality of materials 1.62 31 1.78 21 2.20 9 2.17 11
Cl 6 Material price escalation 1.45 38 1.52 20 1.48 37 1.54 33
c  1.7 Imported materials 2.17 12 2.26 10 1.93 15 1.88 21
C1.8 Delay in the production of special manufacture of building materials 1.38 47 2.00 12 1.55 32 2.50 5
C: Manpower
C ? , Shortage of labour 1.69 26 1.96 14 2.14 10 2.21 10
C2 2 Labour skill 2.03 18 1.56 36 1.83 17 1.79 24
C2 3 Labour productivity 1.14 60 1.19 61 1.34 53 1.08 59
C, Equipment
C 3 , Slow delivery of equipment 1.31 50 1.56 37 1.38 45 1.29 48
C3 2 Equipment shortage 1.62 33 1.44 44 1.24 59 1.79 28
C3 3 Equipment failure 1.79 22 1.96 13 1.55 33 1.79 27
C3 4 Equipment productivity 1.38 45 1.26 57 1.66 25 1.46 37
C3 5 Unskilled operators 1.41 42 1.30 54 1.21 62 1.42 42
c< Financing
C4.1 Financing by contractor during construction 1.86 21 1.59 30 1.79 19 2.25 9
C4.2 Delays in contractors' progress payment by owners 1.69 27 1.96 15 2.03 13 1.42 41
C4 3 Cash flow problem during construction 2.69 5 1.89 19 2.76 5 1.88 19
C4.4 Non or delayed payments of instalments by customers 3.38 3 2.56 4 2.97 2 2.92 2
C4 5 Bad debts 1.00 72 1.00 72 1.00 72 1.00 72
Cs Changes
C5.1 Design changes by owners or their agents during construction 3.21 4 2.67 3 2.76 4 2.75 4
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No Variables Consultant Contractor Developer P. ManagerRII Rank RII Rank RII Rank RII Rank
C 5 2 Design errors made by designer 3.83 16 3.96 11 1.69 23 1.79 35
C5.3
Change of contractor(s), sub-contractor(s) 
or engineers 2.24 11 2.30 9 1.38 29 2.13 26
C 5 4 Errors committed during construction 1.55 35 1.74 24 1.62 31 2.33 9
C5.5
Unpredictable site (geological, water table 
etc.) conditions 1.35 48 1.78 22 1.31 55 1.50 7
C 5 6 Mistakes in soil investigation 1.03 67 1.07 68 1.14 65 1.00 35
crt Scheduling and control
Q . i
Preparation and approval of site / shop 
drawings 1.21 55 1.52 43 1.24 58 1.46 40
C 62 Waiting for sample material approval 1.97 20 1.93 18 1.45 40 1.63 30
C-6 3 Planning and scheduling deficiencies 3.59 2 3.22 2 2.45 6 2.92 3
Q 4
Lack of training personnel management 
support to model the construction 
operations
2.14 13 2.56 5 1.76 20 2.04 15
Q s
Lack of data base in estimating activity 
duration and resources 1.10 62 1.41 48 1.34 51 1.21 53
Q .6
Judgement and experience of the involved 
people in estimating time and resources 1.14 61 1.11 66 1.07 68 1.04 64
Q .7
Inspection and testing procedure used in 
the project 1.24 52 1.44 46 1.28 56 1.46 38
C 6 8 Accidents during construction 1.34 49 1.37 51 1.24 60 1.25 51
C& g
Type of contract used (design-build, 
general contracting, turn key...etc.) 1.41 43 1.11 65 1.31 54 1.13 57
C6.10 Application of quality control 1.76 24 1.52 41 1.38 46 1.38 45
C 6.ll Inadequate early planning of the project 1.10 63 1.07 67 1.C7 69 1.00 69
c7 Social and environmental issues
C7.I Bad weather condition at construction site 2.69 6 2.33 7 2.41 7 2.42 6
C7.2
Insufficient utilities available on 
construction site 1.55 36 1.70 25 1.48 38 1.88 22
C 7 3 Social and cultural factors 1.66 28 1.59 32 1.48 39 1.21 52
C 7 4 Strike / disruption 2.55 7 2.30 8 2.24 8 1.92 18
C 7 5 Unpredictable or catastrophic events 1.41 44 1.37 50 1.66 24 1.25 49
c* Contractual relationship
C-8,1 Uncooperative owners 1.48 37 1.63 26 1.76 21 1.38 43
C 82 The joint ownership of the pro ject 1.00 69 1.07 67 1.14 67 1.00 68
C g .3
Slowness of the owner decision making 
process 1.10 64 1.37 52 1.24 61 1.50 36
C g ,4
Poor organisation of the contractor or 
consultant 2.28 9 1.56 34 1.66 26 3.17 13
C g .5
The relationship between subcontractors' 
schedules in the execution of the projects 1.72 25 1.89 19 1.62 30 2.04 16
C-8.6
Conflict between contractor(s) and 
consultant(s) 1.00 70 1.04 63 1.07 70 1.00 70
C 8.7
Difficulty of co-ordination between 
various parties (contractor, sub- contractor, 
owner consultant) working on the project
1.21 56 1.59 33 1a 1 42 1.29 46
C s s
Legal disputes between various parties in 
the construction project 1.00 71 1.19 62 1.28 57 1.46 39
C s .9
Controlling sub-contractors by general 
contractors in the execution of work 1.38 46 1.19 60 1.21 64 1.08 60
C*.io
Unavailability of financial incentives for 
contractor to finish a head of schedule 1.21 57 1.22 59 1.03 71 1.00 71
C8.11 Negotiation and obtaining contracts 1.24 53 1.63 27 1.38 44 1.13 56
Cg 12
Unavailability of professional construction 
management expertise 1.62 34 1.44 45 1.45 41 1.13 55
D Transfer stage
D, Non compliance by financial obligations by customers 3.62 1 4.00 1 4.21 1 4.00 1
D ? Default by contractors 1.45 39 1.52 40 2.55 35 2.75 29
d 3 Default by developers / clients 1.28 51 1.22 58 1.34 52 1.00 65
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Factor Analysis
Factor analysis is a  w idely used m ultivariate statistical technique to identify a  sm all 
num ber o f  latent them es from  a  large num ber o f  explanatory variables. Principal 
com ponents factor analysis w as used on the data collected from  the 31 m ost im portant 
variables identified at the interview s. The relative im portance o f  factors is given by their 
eigenvalue, w hich is the am ount o f  the total variance explained by the factor. Factors 
w ere retained using K aiser’s criterion (i.e. factors w ith  eigenvalues greater than one 
w ere retained). To aid interpretation, varim ax rotation was used and only variables w ith 
a  factor loading o f  m agnitude greater than 0.5 w ere reported.
Separate factor analyses w ere perform ed on tw o o f  the stages in the construction 
project, p lanning & design and construction, but not on the inception or transfer stages 
as these had only one delay variable. Three and n ine factors w ere identified in the 
planning & design and construction stages respectively. Table 2 show s the variables (in 
decreasing order o f  im portance w ith  their RII and ranks) contributing to each  factor and 
(in parentheses) the factor’s eigenvalue. W hilst factor analysis suggest groupings o f  
variables, the validity  o f  the suggested grouping m ust be review ed w ithin  the context o f  
the B angladeshi construction industry.
S ta g e l (incep tion  stage)
Change o f  p lanning is the only inception related variable from  the 31 h ighest ranking 
variables. It is com m on for clients w ithin B angladesh to change their m ind  frequently 
regarding plans as they get ideas from  different sources resulting in tim e overruns.
S tage2  (P lan n in g  & design  stage)
F a c to r  2.1: This is the m ost im portant factor in  this stage and it consists o f  two 
variables; obtaining perm ission for gas w ater & electricity, and obtain ing planning & 
design perm ission. This grouping w ould appear to be logical and the factor can be 
term ed ‘perm issions’. O btaining planning & design perm ission is a  com m on cause o f  
delays in B angladesh even though only one authority  is involved. H ow ever, obtaining 
perm ission for gas, w ater & electricity m ust be obtained from  several organisations, 
w hich cum ulatively could cause longer delays.
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Factor 2.2: This factor term ed ‘change o f  p lan ’ consists tw o variables, change o f  plan 
&  design by  client and delayed com pletion o f  plans and designs by consultants. This 
grouping w ould  appear to be logical as in Bangladesh, it is com m on at th is stage o f  the 
project for developers to change their plans w hich ultim ately causes delays to 
consultants.
Factor 2.3: This factor consists o f  a  single variable: c lient’s decision m aking.
Stage 3 (construction stage)
Factor 3.1: This factor can be term ed ‘m anagem ent’ and consists o f  four variables, 
equipm ent failure, planning and scheduling deficiencies, w aiting for sam ple m aterial 
approval and lack o f  training personnel m anagem ent support to m odel the construction 
operations. This grouping w ould appear to be logical. There is a lack o f  training o f  
personnel in the m anagem ent o f  construction operations and m odem  construction 
project m anagem ent softw are are not practised in Bangladesh. O nly a  few  consultants 
are fam iliar w ith som e design softw are. In contrast, in Thailand m ost contractors use bar 
chart for p lanning and m onitoring (O gunlana, et al. 1996).
Factor 3.2: This factor can be term ed ‘selection o f  consultant and contractor’
com prises tw o variables, poor organisation o f  the contractor/consultant and m aterial 
changes in  types and specifications during construction. This w ould appear to be logical 
as in Bangladesh, the selection o f  m aterial regarding quality, price, availability, 
location, buildability, etc is organised by both the contractor and consultant.
Factor 3.3: This factor, term ed ‘site m anagem ent’, consists o f  four variables, 
insufficient utilities available at construction site, the relationship betw een 
subcontractors’ schedules in the execution o f  the projects, delay due to quality o f  
m aterials and delay in the production o f  special m anufacture o f  build ing m aterials. 
Traditionally, in B angladesh, there has been a lack o f  utilities on-site, a deficiency 
w hich can be im proved by good site m anagem ent. Efficient site m anagem ent can help 
w ith  planning different subcontractors’ schedules and m aking available the  few  quality 
and special item s o f  m aterial that m ay not be readily available in the m arket locally.
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Table2: R II and R ank o f V ariables in Factors
Inception
(Satge-1)
Plan & design 
(Stage -  2)
C onstruction  
(S ta g e - 3 )
T ransfer  
(S ta g e - 4 )
Variables RII *\an Variables k
RII Rank Variables RII Rank Variables RII Rank
Factor3.1 (4.33)
Equipment failure 1.77 28
Planning and scheduling 
deficiencies
3.05 2
Factor2.1
(1.456)
Waiting for sample material 
approval
1.74 29
Obtaining 
permission 
for gas, 2.05 11
Lack o f  training personnel 
management support to model the 
construction operations
2.12 9
water and 
electricity
Factor3.2 (2.31)
Obtaining
planning
Poor organisation o f  the contractor 
or consultant
1.90 17
and design 
permission
2.28 7 Material changes in types and 
specifications during construction
1.80 25
Factor 4.1
Factor2.2
(1.189) F actor3J (2.16)
Insufficient utilities available at 1.64 30
Change o f construction site Non
F actorl.l planning & 
design by 
client
1.92 16
The relationship between 
subcontractors' schedules in the 
execution o f  the projects
1.81 23
compliance 
o f  financial
obligations 3.95 1
Change o f Delay due to quality o f  materials 1.94 14 by customers
planning 1.92 13 Delay in the production o f  special 
manufacture o f  building materials
1.83 21
Delayed Factor3.4 (1.82)
completion 
o f  planning 1.93 15
Cash flow problem during 
construction
2.33 6
and design Non or delayed payments o f  
instalments by customers
2.96 3
Imported materials 2.06 10
Factor2J
(1.00)
Factor3.5 (1.56)
Labour skill 1.81 24
Client's
decision
making
Financing by contractor during 
construction
1.86 19
1.83 20 Factor3.6 (1.41)
Change o f  contractors), sub­
contractors) or engineers
1.82 22
Errors committed during 
construction
1.79 27
Factor3.7 (1.26)
Strike / disruption 2.27 8
Design errors made by designer 1.86 18
Design changes by owners or their 
agents during construction
2.85 4
Factor3.8 (1.21)
Bad weather condition at 2.47
construction site
J
Shortage o f  labour 1.99 12
Factor3.9 (1.06)
Uncooperative owners 1.57 31
* Delays in contractors' progress payment by owners (26) was not included in any factor.
Factor 3.4: This factor, term ed ‘cash  flow ’ incorporates three variables h ighly  rated by 
respondents, cash flow  problem s during construction and non or delayed paym ents o f  
instalm ents by custom ers together w ith  delayed paym ents by custom ers for im ported
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m aterials. Cash flow  plays vital ro le on construction delays especially  w ith  sm all 
developers w hereas large developers can m anage cash flow  problem s by arranging 
finance from  other projects or business.
Factor 3 .5 : This factor, term ed ‘labour paym ent’ logically links shortages o f  labour 
skills and  contractor’s paym ent to labourers.
Factor 3.6: This factor ‘construction error’ suggests a  link betw een changes o f  
contractor(s) or engineer(s) and errors com m itted during construction.
Factor 3 .7 : This factor, ‘d isruption’ consists o f  labour disruption, design errors m ade 
by designer and design changes by ow ners or their agents during construction. These 
variables are logically interrelated.
Factor 3. 8: The factor, ‘w eather’, consists o f  bad w eather condition at construction site 
and shortage o f  labour. The latter could  be the consequence o f  bad w eather condition at 
construction site especially in rainy season.
Factor 3.9: This factor consists o f  only one variable, the uncooperative owner.
Stage 4 (transfer stage)
Factor 4.1: The only variable in th is factor ‘non com pliance by financial obligations by 
custom ers’ w hich w as the m ost im portant variable o f  the 71 considered. A t th is stage 
the p ro ject is alm ost com plete and the type o f  delay is different. D ifferent flats are sold 
to d ifferent custom ers, but due to  financial obligations, som e flats m ay not be 
transferred  to the respective custom ers as they can no t occupy the flat until paym ent is 
com pleted.
The application o f  factor analysis has been show n to be successful. The initial list o f  72 
variables has been progressively reduced using R II and factor analysis to  13 factors in 
w hat w ould  appear to be logical groupings o f  variables. This should reduce the 
com plexity  o f  any subsequent risk  m odel o f  the program m e for h igh-rise projects.
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H ow ever, it is necessary before the final selection o f  the form  o f  the risk  m odel to 
investigate the extent o f  inter-relationships betw een the factors.
Stepwise Regression
Stepw ise regression is a statistical technique used to select the best subset o f  a  possibly 
large set o f  explanatory variables to  predict, in  a  m ultiple linear regression m odel, an 
independent variable. The algorithm  is as follows:
Step 1: F ind the variable (Xj say) w ith  the highest correlation w ith  the independent
variable. This variable is included in the m odel provided that its t ratio 
(m ean divided by standard error) has a  m agnitude greater than 2.
Step 2: F ind the variable (Xj say) w ith  the largest t ratio w hen it is included w ith Xj.
This variable is included in  the m odel provided that its t  ratio (m ean divided 
by standard error) has a  m agnitude greater than 2.
Step 3: The t ratio o f  each variable is calculated and a variable is rem oved i f  its t
ratio has a  m agnitude less than 2.
Step 4: Calculate the t ratio o f  each o f  the rem aining variables w hen it is added to
the existing m odel. The variable w ith the largest t ratio is included provided 
it has m agnitude larger than  2.
Steps 3 and 4 are then repeated until no variable is added or rem oved from  the m odel.
This algorithm  provides an efficient m ethod to choose a form  o f  risk  assessm ent m odel 
as it ensures that only im portant variables are included and retained in  it.
The technique w as used to evaluate relationships betw een the factor scores in one stage 
o f  the construction process to those in the previous stage. For exam ple the scores from 
factor 3.1 in  the construction stage w as defined as the independent variable and the 
scores o f  the three factors found at the p lanning and design stage w ere possible 
explanatory variables. This w as repeated a further 12 tim es, once for each o f  the  factors 
in the planning and design, construction and transfer stages o f  the construction process, 
to uncover relationships am ongst causes o f  tim e overruns at d ifferent stages o f  the 
project. O verall, relationships w ere established in only tw o cases as follows.
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Factor 3.8 (w eather) in the construction stage was found to be linearly  related to factors
2.1 (perm ission) and 2.2 (change o f  plan) in  the planning and design stage although the 
relationship w as not strong (R2 = 17.4% ). It is possible that delays caused by these two 
factors at the planning and design stage m ay m ean that construction is delayed into the 
rainy season w hen inclem ent w eather causes m ore delays.
Factor 4.1 (non-com pliance o f  financial obligations by custom ers) was found to be 
linearly related to factors 3.3 (site m anagem ent), 3.7 (disruption) and 3.1 (m anagem ent) 
although the relationship was not strong (R2 = 18.0%). It is possib le  that custom ers 
m ight refuse to pay prom ptly a developer w ith poor general, site and labour 
m anagem ent that they perceive m ay have caused delays in the com pletion o f  the project.
The w eak association betw een factors at successive stages o f  the project m ay seem  
surprising. H ow ever, further evidence is provided by the sm all pairw ise correlations as 
show n below  in Table 3.
Table 3: The Correlation between Factors in Successive Stages of the Project
Factor 2.1 Factor 2.2 Factor 2.3 Factor 4.1
Factor 1.1 0.179 -0.357 0.050
Factor 3.1 0.158 -0.143 -0.133 0.182
Factor 3.2 -0.009 -0.048 -0.123 0.085
Factor 3.3 -0.204 0.200 -0.034 -0.321
Factor 3.4 -0.383 0.059 0.023 -0.041
Factor 3.5 0.000 0.037 0.182 -0.084
Factor 3.6 -0.026 0.162 -0.019 0.134
Factor 3.7 -0.110 0.192 0.010 -0.211
Factor 3.8 -0.370 0.192 -0.023 -0.008
Factor 3.9 0.115 -0.072 0.039 -0.123
To illustrate the advantage o f  using stepw ise regression, consider fitting a m ultiple 
regression m odel to predict factors in stage 3 (construction) as the dependent variable 
using the three factors in the previous stage (planning and design) as independent 
variables. W e first consider relating factor 3.1 (the m ost im portant factor in  the
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construction stage) to the three factors 2.1 to 2.3. The stepw ise regression technique 
show ed that no variable w as entered into the m odel at step 1 and hence w e conclude that 
factor 3.1 is not linearly related to any com bination o f  the factors 2.1 to 2.3. The 
m ultip le regression m odel for factor 3.1 is show n below  w ith the t ratio in  parentheses.
Factor 3.1 =  - 0.0000 + 0.158 (Factor 2.1) - 0.143 (Factor 2.2) - 0.133 (Factor 2.3)
(1.67) (-1.51) (-1.40)
This m odel has an R 2 value o f  6.3%  and the p values for each o f  the independent 
variables are greater than 0.05, indicating tha t these variables do not contribute m uch to 
the m odel. This is consistent w ith  the stepw ise regression approach. N ext w e consider 
relating factor 3.8 to the three factors 2.1 to 2.3. The stepw ise regression technique 
show ed that factor 3.8 is linearly related  to factors 2.1 and 2.2 but no t factor 2.3. The 
m ultiple regression m odel for factor 3.8 is show n below  w ith  the t ratio in parentheses.
Factor 3.1 =  - 0.0000 -0 .3 7 0  (Factor 2.1) + 0.192 (Factor 2.2) - 0.023 (Factor 2.3)
(-4.17) (2.17) (-0.26)
This m odel has an R2 value o f  17.4%  and the p values for the  independent variables 
factors 2.1 to 2.3 are 0.000, 0.032 and 0.793 respectively, indicating that the first tw o 
variables contribute significantly to  the m odel but the third does not. This is consistent 
w ith the stepw ise regression approach.
The stepw ise regression approach outlined above provides an efficient m echanism  to 
determ ine relationships am ong a large num ber o f  independent variables. A s illustrated 
above the results are consistent w ith  those found from  the corresponding m ultiple 
regression m odels. H ow ever only 13 stepw ise regressions w ere perform ed com pared 
w ith 587 separate m ultiple regression required  to produce all possib le m odels.
The lack o f  strong relationships am ongst the factors m eans tha t m odelling causes o f  
tim e overruns can be sim plified as a  high degree o f  independence betw een the 
com ponents o f  the m odel can be reasonably  assum ed and hence the discrete stages o f  
the project can be considered independently.
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Conclusions
The application o f  the R R I approach enabled the 31 m ost im portant variables causing 
delays in high-rise construction in B angladesh to be identified from  an initial list o f  72 
variables. O f  these variables the m ost im portant were cash flow , planning & scheduling 
and plan  & design changes.
The application o f  factor analysis enabled an initial appraisal o f  the relationship 
betw een th e se  variables to be m ade. It proved  possible to use the m ethod to group the 
31 variables in 13 representative factors according to the stages o f  the project. The 
reduction from  72 variables to 13 factors should m ake risk  analysis a m ore feasible 
proposition.
The application o f  stepw ise regression dem onstrated an absence o f  any strong links 
betw een the factors affecting delay at the different stages o f  the project. It had been 
speculated that there could be strong links am ong delay factors in different stages 
throughout the construction process thereby lim iting the application o f  sim ulation in a 
risk  analysis m odel o f  the project program m e. The stepw ise regression show s rather 
w eak links and it is concluded that the application o f  a  standard critical path package 
w ith sim ulation o f  activity duration's is appropriate for the risk  analysis m odel in a 
practical R M P for high-rise construction projects in Bangladesh.
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